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RESEARCH ON SUGAR PLANTS AND SOME PRACTICAL ADAPTATIONS 


(Adéress before the Second Genernl Meeting, American Society of 
Sugar Beet Technologists, Denver, Coloe, Jan. 5, 1940.) 


By E. W. Brandes, Principal Pathologist in Charge, Division of Sugar 
Plant Investigations, Bureau of Plant Industry, United States 
Department of Agriculture. 


The title selected for this informal talk is "Research on Suger Plante 
and Some Practical Adaptations." That is a broad subject and gives the oppor 
tunity to speak at length, but I will linit ny remarks to a half dozen lines of 
work sponsored by the Division of Sugar Plant Investigations during the past 
two decades. An appraisal of the value of this research to Anerican Agriculture 
will be recapitulated, showing that in this period a total approaching one 
billion dollars of conserved capital and added national wealth is directly 
attributable to it and indirectly many millions more have gone to "good neigh~ 
bors." Nor are the results to be evaluated only in monetary units, since at 
present a half million of our people who might otherwise be on relief have 
means of livelihood because of this research, which, relatively, has cost little. 


The realistic view demands that these benefits be credited as net gains 
with no deduction for compensating factors, such as possible other uses of the 
land and labor, or possible income of any kind derived indirectly. We have a 
long-established, firmly-rooted domestic sugar industry. That is a sufficient 
reason for the successful efforts to maxe it more efficient. Nor are the ram 
ifications of these contributions to national wealth limited to the producers 
who benefited directly by the results of this research, as these producers in 
turn constitute a market for American goods greater than that which might come 
from potential producers elsewhere. 


In comparison with other sugar-producing areas, the United States has 
made mich progress in the improvement of the sugar plants during the past 20 
years. In that period there has been a series of interruptions in growth of 
the several sugar industries, in the main resulting from natural causes ad~ 
versely affecting the plants themsclves. These natural causes, chiefly plant 
diseases, more than any other factors have threatened the continued existence 
of the industries. Their impact on the industries and their effects on growth 
have varied in duration and degree and have been different in character. 


Intimate knowledge of these natural cnuses as they affect production 
units represented by plantations or farms is required if reliable interpreta- 
tion of production statistics is to be made. Broad interpretations of produc~ 
tion trends without such intimate knowledge, especially of extensive areas, are 
likely to be imperfect. The interruptions of productivity of our sugar in~ 
dustries during the past 20 years were characterized, for example, by practical 
collapse in Louisiana and the South, violent and unpredictable annual fluctua- 
tions of output in the western beet areas, and curtailment, lesser in amount 
than in Louisiana, followed by temporarily retarded recovery in Puerto Ficode 


The ominous nature of the situntion in the South in the period from 
1918 and culminating in 1926 was apparent to all without need for intimate 
knowledge of the cause. But reaction to it by observers was not unanimous and 
the differences lay in ability to ascribe the cause and visualize the chances 
of any remedial measures. Awell known economist immediately sounded the death 
knell of the industry and no prudent financing institution was willing to risk 
a dollar on it. The income of sugar farmers in Louisiana dropped to such a 


pitiful figure that the State's leading advisor in agriculture complacently 
drew attention to the fact that a minor poultry industry was more profitable. 
However, a smell group of growers was persuaded that the natural cause of the 
calamity covld be determined and that some control could be found, and they met 
the challenge rather than passively submitting to what many took to be inexore 
able forcee They seized upon the hope of remedial measures then offered and 
those in prospect, and with indomitable will literally lifted themselves by 
their own bootstraps. The remedy offered was a botanical specimen unprepossess— 
ing in appearance, which elicited some amused if not derisive comment at first, 
even by the man who later with self-effacing public spirit contributed the same 
means of salvation to thousands of his neighbors. He lost his own plantation 


because the remedy came too late. 


Reduced to simple terms, the recent decline of the Louisiana sugar 
industry was due to the unnoticed introduction of the virus disease of sugar 
cane, mosaic, which met an unprepared industry not provided with adequate re~ 
search facilities. The lesson in umpreparedness cost the industry more than 
can be measured in moneye Adjustment of whole communities to a calamity bring- 
ing universal loss of revenue brought the gravest personal and family problems 
and, because of the lack of other enterprise to turn to, an unwholesome resig- 
natione In the end, after costly delay, a reasonably satisfactory solution was 
found in the improvement locally of sugarcane varieties by breeding for resist 
ance to disease and adaptation to our climate and soils. This involved an 
elaborate program of scientific work after literally combing the world for 
breeding material. Details of the main and accessory projects by a dozen 
specialists have been reported in numerous publications, and need not be enum 
erated here. 
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Fig. 1. Suger Production From Cane, United States, shoving cron failure due to 

disease, and reconstruction of the industry with disease-resistant varieties to 

all-time high sugar »roduction arising from record acre yvisldse 

The practical adaptation of this research is graphically shown by the 

production figures in Figure 1, which indicate that beginning with the year 
1927, when the first new variety was increased to acreage reflected in the 
statistics, there has been a constant rise as variety succeeded variety in the 
gradual developnent of better sorts by breeding. The actual increase in pro- 
duction was from less than fifty thousand to nearly five hundred thousand tons 
of sugar, the acreage in can for the ten-fold increase being only about 


double. 


1/ Some of the acreage planted in 1926 was not harvested. 
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A similar visitation of disease caused by the same or related viruses 
occurred in Puerto Rico, where studies were begun by the Division of Sugar 
Plant Investigations earlier than in the Gulf States. Because of great local 
variation in weather, indirectly affecting the efficiency of natural dissenina~ 
tion of the virus the problem in Puerto Rico resembled that in Louisiana only 
in parte In some districts it is possible by a system of almost constant rogu- 
ing to grow susceptible varieties of cane even today. Because of the exponse 
and potential danger, that is not a wholly satisfactory system and requires 
further attention. Other districts representing a large percentage of the to- 
tal area in cane required substitution of resistant varieties. 


The history of discovery and development of resistant varieties for 
Puerto Rico was analogous to that on the mainlend, except that, due to more 
exacting demands of climate in the latter area, finding suitable breeding mater- 
ial required a more thorough search. Without the background of fundamental 
research carried on by the Division, the sugar industry in Puerto Rico would 
be in a far less flourishing condition today and the same can be said of the 
relatively new industry in Florida, which faces other unsolved problems because 
of its position intermediate between tropical and temperate zone conditions. 
Parenthetically, the sugarcane virus disease problems the world over and their 
solution by "variety revolution" or other neans received their present con 
ception, and the inspiration and methods of control, because of the appropria~ 
tions by Congress of money for this research. 


Beyond mere repair of the disease injury, the improved tone and tempo 
of sugarcane yields so easily perceived in many plantations of Cuba and tho 
West Indies generally, South American countries, and to some extent in Africa, 
Oceania ond Asia, even the little industry in southern Spain, trace a neasure 
of their current impetus to this research. Twenty-two countries have safely 
received improved plant material for which the Division acted as a clearing 
house, whatever its origin, by maintaining a quarantine statione ZEncouragerient 
lent “by the improved performance of the resistant or tolerant varieties led, 
by natural reasoning, to consideration of furthor improvenent by other means 
and has resulted in substantial gains to levels never before reached, this in 
the faco of a declining world price of sugar. The sun total of benefits to 
hunanity by conservation of effort and in lessened cost of an indispensable 
commodity would be a staggering nnount. 


To arrive at the ostinate of Anerican dividends pnid by this rescarch 
we credit to it all production with plant material released by the Division 
used where sugar production had quite failed owing to low yield, and a part of 
production on lands that, because of low yield, were jeopardiged but not acturl- 
ly abandoned. On the latter the significant increases in production since the 
improved, disease-resistant varieties have been planted are very great and are 
just as directly attributable to this research, 


In addition, we credit the capital investmaont in factories, machinery, 
plantation railways, and specialized implements and equipment in the areas de~ 
finitely narked for abandonment or already abandoned. If solutions had not been 
found for these field problems, all fabrication equipment would have had junk 
value only. On that basis we boldly assert that the Gulf States sugar and sirup 
industries owe to this research over a period of 14 years threc~hundred and 
fifty nillion dollars and the present employnent of 60,000 workers, with an 
average of three dependents each, or a total of 240,000 personse 
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The increased per acre production in Puerto Rico, beginning in 1919 
when the first nosaic resistant variety was supplied, has been steady and has 
now reached over 100 percent.* While the prompt clarification of the perplexing 
disease problems, the early resistant varicties, and guidance were directly con= 
tributed by the Division of Sugar Plant Investigations, continuance 6f the work 
by local research institutions and added improvement must be recognizeds there- 
fore, one-half of the annual increments in per~acre yield since that date, a 
total of two hundred and twenty~five million dollars, is the claim. In this 
industry, which as a whole was not threatened with extinction, credit for sal~ 
vage of copital investment is relinquished, except for factories supplied by 
the worst-affected 70,000 acres, and the workers thereon, respectively ten 
million dollars and livelihood for 25,000 workers, That these workers and de~ 
pendents, 100,000 people, would have found other gainful employment in the pre~ 
sent depressed period for the agricultural industries is less likely than the 
alternative, enlistment in the army of unemployed. 


This record of the southemsugarcane industry laid prostrate by a virus 
disease finds counterpart in the ravages of sugar=beet curly top in western 
United States. The effects of the disoase have been grave enough and so wide-~ 
sproad in many years of the decade preceding 1934 as to bring about sharp de- 
cline in the average acre~-yields of a whole state. In such years of disease 
outbreak, the factory records reveal that average acre~yiclds in sone districts 
have dropped precipitously from the expected 15 tons or more to 5 tons or less. 
Such figures, based on harvested acreage, obviously give no record of thousands 
of acres abandoned. 


As throwing light on the impact of curly top on the beet~sugar industry, 
one may trace the history of sugar-beet culture in western reclamation projects 
or other agricultural areas in the Wost-—-such as the Truckee Project, Salt River 
Project, Delta and other Utah areas, the San Joaquin Valley of California, the 


Yakima Valley of Washington, and many others. The story is much the sane for 
all—-introduction of the crop, a brief period of fine prospects, and finally 
crop failure because of curly top, and ultimate abandonment of sugarbeet grow~ 


ing by farmers. 


The history of factories erected with high hope and welcomed by farmers 
on the irftigated lands as providing a market for the pivotal cash crop in the 
agricultural program also portrays the emergency situation that curly top brought 
about. Hach venture represented the investment of upwards of one~half million 
dollars. The subsequent history of these beet-sugar factories is a drab picture 
of idle years or, at best, sporadic activity as one season's crop or another by 
some vicissitude of climate managed to escape a disease epidemic.e A factory 
erected in the Yakima Valley operated only a few days in a single season, then 
was closed and eventually dismantled. Curly top practically made the beet-sugar 
industry in western United States lend a gypsy existence in its futile quest 
to find some roasonably secure areas in which to grow the sugar beet. 


No business could long continue under these conditions and by 1929 the 
western beet-sugar industry was at its lowest ebh and bankruptcy was imminent 


for many enterprises. 


But these failures of capital to yield returns, the losses of original 
investments, and the collapse of many ventures in spite of constant outlay of 
new capital, signify far more thnn mere money losses. In essence, they are 
faithful indices of far-reaching and profound offects upon the agricultural 


“Fig. 2, page 163a. 
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population and on the agricultural system of the West. On the human side, they 

involve disappointment, wastage of human effort, and wreckage of farm families. 

Wherever a factory was forced to stand idle because of the sugar~bect crop fail- 
ure because of curly top,the livelihoods if not the fortunes of several hundred 

farmers around the factory were jeopardized. 


In 1929, Congress recognized the emergency situation and appropriated 
a considerable sum for investigation of the beet leaf hopper and the virus it 
transmits. These funds for research on the disease have permitted an augnented 
attack on the whole problem and prompt capitalization on all the promising leads 
developed by earlier research of this Division. It was possible in 1931 to 
demonstrate the first progress in the development of curly~top~resistant var- 
ieties. By 1933, steps were under way to increase the seed of a variety that 
was introduced in 1934, under the designation UV. S. 1, for use by farnerse 


Since that time, other curly~top-resistant varieties have followed in 
quick succession——U. S. 34, U. S. 33, U. S. 12--each representing an improve~ 
nent in curly~top resistance and adaptation. The industry has fully cooperated 
to bring each of these improved varieties promptly to the growers, as is shown 
by the record that of about 300,000 acres subject to curly top, 235,000 acres 
were planted in 1939 with varieties arising from this research, and much of the 
remninage acreage was planted with curly~top-resistnant varieties in some degree 
akin to government releases. 


The removal of the threat of failure to the beet crop, through the con~ 
tinued improvement in resistance of beet varieties, is signalized by the rebuilt 
factory in the Yakima Valley—-erected on the foundation of a factory formerly 
dismantled—the erection of new factories in California, Utah, Idaho, and the 
re-entrance of the sugar beet into districts of California, Nevada, Idaho, Utah, 


New Mexico, and western Colorado. 


~ It can not tbe said that curly top is vanquished, because with severe 
exposure in the worst years it still takes some toll and prevents the crop from 
delivering the maximum which soil and climatic conditions might warrante Beet 
farmers may now plant these new varieties with confidence that the crop will be 
carried through to a reasonably high yield in spite of disease, and they look 
forward to new and even better adapted varieties as further research fits the 
curly-top-resistant types to the great range of conditions encountered in the 
broad expanses of our sugar—beet areas. 


If one seeks to appraise the benefits of this research effort, which 
has involved a dozen or more scientific workers and has had the wholehearted 
cooperation of the industry, he must take into account the dire condition into 
which curly top had forced the western producers. He must also have enough con~ 
fidence in the American way of life to want American industry not only to be 
naintained but to grow. 


The capital investment in farm lands, farm equipment, irrigation systems, 
factories, factory equipment, transportation and power facilities directly con-. 
cerned in sugar~beet production and bect-sugar manufacture in the United States 
as a whole may be placed at $350,000,000. The capital investment in important 
subsidiary industries which furnish supplies end services to the bect industry 
and the livestock industry directly concerned in utilizing sugar~beet byproducts 
as feed would greatly increase this fieure. Nearly one-fourth of this entire 
investment, amounting to between $80,000,000 and $100,000,000, was jeopardized, 
Is it not fair to credit the research which turned the tide from bankruptcy to 
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a surge of growth and developmont, as typified by the recent $25,000,000 expan- 
sion of the western industry, with saving and safeguarding a major share of this 
national wealth? 


Moreover, progress in agriculturalresearch refuses to confine itself to 
the narrow linits of the single problemreaching solution, but it serves as a 
leaven for a whole agricultural complex. The farmer with a promising crop is 
the one who gives it good culture, he secures the means whereby he can fertilize 
his crop, he arrives at the position which enables hin to devote acreage to ~ 
legunes to rebuild his soil. One finds specific illustration of the intinate 
coordination of research in the yoking of the Division's research on curly top 
with its investigations on sugar—beet-seed production. Dependence upon Burope 
for seed, a condition which lasted nearly a century, was recognized by many in- 
formed and able men as imprudent, but attempts to remedy this incongruous situa~ 
tion were sterile until seed of the curly-top-resistant varieties were produced 
comiercially by the "American" method. The linking of two objectives in our 
progran secured, in no small measure, the practical adaptation of this research. 


Investigation sponsored by this Division had shown that sugar~beet seed 
could be efficiently produced in the United States by a new method which differ~ 
ed radically from the conventional European method which was lavish in its re~ 
quirement of hand labor. Our investigations revolutionized the methods so that 
today we produce sugar—beet seed in the United States by short occupancy of the 
land in much the same way that winter wheat is produced, abundant use of machine 
dispensing with the hand=labor, "gardener" methods of Burope. 


With the advent of curly-top-resistant varieties, the efficient method 
for increase of seed had been perfected by our investigations. We can be just- 
ifiably proud of the record that every pound of curly-top-resistant seed used 
on American farms has been home-grown. In 1939, more than 6,000,000 pounds of 
curly~top-resistant seed were produced. The American nethod of sugar~-boet~seed 
production has also found use with improved varieties arising out of breeding 
work of commercial corpanics and with leaf-spot~-resistant varieties coning fron 
other research projects of this Division. In 1939, a total sugar~beet seed pro~ 
duction in the United States reached a high of nearly 14,000,000 pounds, just a 
small anount below our total donestic requirenents.(Fige 3, pe 163a.) 


History has repeated iteolf and Burope is acain engulfed in war. But, 
in contrast to 1914, when the American industry was alnost totally dependent 
upon Hurope for the seed to plant the sugar~beet crop, we enter 1940 with a 
full~fledzed sugar—-beet seed industry which had its origin in Anerican research 
and, in a way, was a byproduct of the investigations on curly tope 


The files of the Bureau of Plant Industry of 1915, 1916, and 1917 give 
a vivid picture of that hectic period of World War days when, by dint of the 
strenuous effort of the Department of Agriculture, the Departnent of State, and 
only by the consent of the British government, passage through the blockade of 
Gernany was secured for meagre amounts of sugar~beet seed, absolutely essential 
if 2 sugambeet crop was to be grown in the United States. Such seed as filter~ 
ed through cane in under bond that it would not be re-sold, and a bond that the 
sacks would be returned was exacted! Such are the erin realities of war tine, 
where such an item as return of eunny sacks could deternine whether an Anerican 
food crop could be grown! 
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Fige 2. Sugar Production from Cane, Puerto Rico, showing crop failure 
due to disease, and reconstruction of the industry with disease- 
resistant varieties to all-time high sugar production arising 
from record acre yields. 
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Fige Rapid Development of Amcrican Sugar-Beot-Socd Industry Brings 
Curtailment of Imports. 
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With the growth and functioning of an American seed industry, which 
is providing better seed to the American farner than any that can be imported, 
and as a credit to Anerican research and American ability to capitalize On ro= 
search findings,. the boctesugar industry has freed itself from this foroign 
noosGe: 

When the present European war largely cut off Buropean supplies, the 
beet industry's house was nearly in order and seed supplies assured. Certainly 
by 1941, it is possible for all branches of the beet-sugar industry to have 


adequate hone=grown supplies. 


What appraisal is fair for the benefits that the domestic sugambect 
enterprise has contributed and will continue to contribute to our national 
welfare? As was not the case in the World War period, the beet~-sugar industry 
con now, if demand for sugar requires, expand to do its part in supplying the 
nation's food—an impossibility 25 years ago because of the throttling effoct 
of lack of adequate seed supply. 


In direct benefits, the sugar=beet seed enterprise returns to farners 
about $1,100,000 annually and a new source of farm income has been created. 


PROMISING RESEARCH IN PROGRESS 


Anong the numerous projects under way but not yet practically adapted in 
the sense of large-scale translation into commercial practice, the work on cold 
tolerance of sugarcane and on black root and leaf spot of the sugar beet are ex 
amples of research that may soon be capitalized upon. 


The improvement of temperate zone sugarcane to meet the hazard of un= 
seasonably early cold has taken more definite form since the discovery in cent~ 


ral Asia of cold-resisting wild cane in 1936. Progress has been made in over= 
coning the problems of cross~breeding due to the very different time of bloom 
ing of parent -canes. Utilizing the reyorsed seasons north and south of the 
equator, the male parent was planted in the northern henisphere, the fenale 
parent in the southern hemisphere, and while blooming simultaneously pollen was 
sent by airplane to cross=pollinate plants in the southern hemisphere. The seed 
was shipped by air to Washington and planted there and in Florida and Louisiana. 
The first-generation hybrids bloomed in the United States at a season internedi-~ 
ate between the two parents. To make backcrosses between the hybrids and com 
mercial cane it was necessary to advance artificially the blooming tine of the 
latter from late December to late September. This was accomplished by using a 
photoperiod house at Canal Point, Fla., a device that created autumn light con-- 
ditions in summer and accelerated the blooming by threo nonths.e Thousands of 
the socond-generation seedling will be ready for cold-resistant tests in 1940, 
and many are of good type and appear promising for sugar-production tests in 
1941, 


The traditional acceptance of the idea that the castern sugarbeect 
region is one of high cost compared with the Internountain and Pacific regions, 
and that the regions are unequally dependent upon protection afforded in various 
ways, including geographic location, may have sone basis in.two bugbears. These 
are difficulties of establishing and uaintaining stands because of black root 
and difficulty of practical control of leaf spot, which is a provlen in parts 
of the West also. There is no need to doubt that with intensive experinental 
tests of principles already well crystalized in control of black root, as seed 
treatments, rotations that starve the pathogenic orgenisns plus other field san~ 
itation measures, and with adequate consideration of the separate necds of dif- 
forent districts in the hunid area, the disheartening toll taken by this disease 


complex can be greatly lowered, Because of local environmental differences in 
the districts of the humid area, a cure~all applicable everywhere should not be 
expected and therefore, more intensive tests are needed. 


The leaf~spot-resistant sugar—beet variety U. S. 217, released in 1938, 
has demonstrated a high degree of resistance and under exposure to the disease 
has shown decisively better performance than the European brands with which it 
has been compared. Where leaf spot was not a factor the variety has been ex- 
ceeded in root yield, and hence in sugar per acre, by certain improved tonnage 
types. A new leaf~spot~resistant release, U. S. 200 X 215, produces greater 
tonnage than U. S. 217, with practically equivalent sucrose percentagee To pro=— 
duce this variety, two inbred strains, which in themselves, regardless of leaf 
spot-resistance, approximate Juropean brands in performance, were intercrossed 
in order to take advantage of first-generation hybrid vigor. Tests in 1938 show 
ed that the resistant variety exceeded the nonresistant check, taken as repre= 
sentative of European brands, by 333 pounds of sugar to the acres The variety 
has as yet been produced only on a linited scale, something over 200,000 pounds 
of seed being available for 1939 commercial plantings. 


It will be noticeable to you that the foregoing remarks have been limite 
ed to citing research activities of the Division of Sugar Plant Investigations. 
I am more conversant with details of those activities than with the numerous con- 
tributions to progress by others, and it is with no intention to slight their 
valuable basic steps, or parallel or accessory work on the same problems, that 
illustrations of practical adaptation of research were selected from those 
sponsored or vigorously pushed by the Division. 


The xzaison d' etre of this talk is to emphasize in an impersonal way 
an fdoa that should be quickly recognized by biologists: the increasing control 
over living plant forms and their environments because of advances in biological 
and other science. Economic implications in the illustrations cited, with under— 
standing of their extensive or limited use, are very great. The basis of the 
sugar industries is the mutable sugar~producing plant and very impressive are 
these recent demonstrations of opportunities to quickly change the character of 
plants in different producing arcas with attendant changes in costs of produc- 
tion. Advances in plant breeding, unpredictnble as to their impact upon the 
National economy, just as improvements in mechanics or chemistry, are sometimes 
far reaching and are likely to throw into confusion the calculations of economic 


planning. 


REPORT ON 1939 TESTS OF U. S. 200 X 215 


By G. He Coons, Dewey Stewart, H. W. Bockstahler, J. O. Culbertson, G. W. Deming, 
Je Os Gaskill, Je G. Lill, and Ss. B, Nuckols. 


Agronomic evaluation tests were conducted in 1939 on U. S- 200 X 215 
and allied varieties by members of the staff of the Division of Sugar Plant 
Investigations in cooperation with Experiment Stations and with other cooper 
ators, as shown, at 10 locations. In addition, Prof. J. H. Torrie of the 
Wisconsin Agricultural Experiment Station, Mr. M. J. Buschlen of the Farmers 
and Manufacturers Beet Sugar Association and Mr. H. D. Brown of the Canada and 
Dominion Sugar Company, Chatham, Ontario, conducted similar tests with the var~ 
ities supplied by the Division and have given permission to include in this 
report the data which they obtained. Mr. G. M. Bradford of the Monitor Sugar 
Co. of Bay City, Michigan, conducted two tests in which U. S. 217 and U. 8. 
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200 X 215 were compared with several European brands, and he has supolicd the 
data for use in this report. A total of 15 tests—-6 in Colorado, 1 in South 
Dakota, 2 in Minnesota, 1 in Wisconsin, 4 in Michigan, and 1 in Ontario—are 


summarized. 


Comparisons in table 1, except those for Bay City, and Au Gres, Michigan, 
are with *Synthetic Check', a variety obtained by pooling equal quantities of 9 
Zuvropean brands and using this mixture to produce seed crope In our experience, 
'S:nthetic Check! has shown a performance equivalent to the best Buropean ton- 
nege types and superior to many brands on the market. The 1939 results bear 
out this opinion, and in the absence of leaf spot, "Synthetic Check" proved a 
very strong competitor in severnl localities. In the Bay City and Au Gres tests, 
the avercge of all European brands included in the test is used instead of 'Syn= 


thetic Check’, 
(Table 2) 


Comparisons are also shown for J. S. 200 X 215 and some locally used 
brend or variety usually obtained from the 3eet Sugar Company in whose territory 
the test was conducted. In the case of the Bay City and Au Gres test the Burop= 
eon brand highest in sugar per acre wns taken as the "Local Check". 


Seed of U. S. 200 X 215 as used in all 1939 tests was comnerciscl seed 
grown by the Western Seed Production Corporation in Arizona. The sced was pro~ 
duced from a planting stock made by mixing in proportions 1:3, comercial stock 
seed of U. S. 200 (highly leaf spot resistant inbred, high in sucrose, nodernte 
in yielding capacity) and stock seed of U. S. 215 (a moderately resistant inbred, 


moderately high in sucrose, and of very high yielding capacity). 


. -+ There is no way of determining with any degree of exactness how nuch 
intercrossing took place between the two inbreds in the seed field. U. Se 
200 X 215, although indicated as a hybrid, consists of some unknown percentage 
of hybrids, along with selfs of the two inbred strains. Some experimcntal evic- 
ence exists that the cross of these two inbreds gives increased productiveness, and 
the introduction of this variety into commercial use renresents an atternpt to 
use in a practical way any advantage which night thus accrue from hybridizing. 


In general, the data as summarized in tables 1 and 2 confirm the conclu- 
sions of the 1938 tests, namely. that U. S, 200 X 215 nay be used to reolace 
European brands in common use without reduction in sugar yiclds and that under 
conditions of loaf spot exposure, the variety may be expected to forge greatly 
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SESEDING FOR RESISTANGE TO SPOP AND OTHER CHARACTERS 


By H.W. Dahlberg, A. C. Maxon and HE. Brewbaker2/ 


I believe this croup may be interested in a brief statement of the ob- 
jectives of the breeding program of The Great Western Sugar Company and the 
policies which we try to follow in attrining those objectives. Our main odject— 
ive is the development of varieties that we may be reasonably sure will produce 
high quolity beets and the maxinum sugar per acre in all territories and under 
varying conditions. 


It will be readily understood that each area producing sucar bects should 
have the verietios which, on the average, give the best all round results for 
that particular area. For example, all the areas in the West subject to curly 
top disease must choose, first of all, a variety highly resistant to this disease, 
as this factor of curly top resistance outweighs all other considerationse In 
other words, this one factor largely governs the sugar production per acre, and 
other factors such as sugar content and purity are of secondary importance. 


In the same way, for the states of Michigan, Ohio, Indiana, ani the beet 
growing sections of Ontario, I would say that the natter of resistance to blizht, 
or leaf spot, largely determines the choice of varieties. The Cercospora disease 
is sufficiently wide-spread and persistent in these arenas so that in any breeding 
progran for the Eastern section, leaf spot resistance must be given first con 


sideration. 


In the four states in which the Great Western operntes, we have a some= 
what different situation in that we have no disease which is unifornly important 
in all districts. For our arenas we need three different varieties, which I an 


listing in the order of their importance. 


‘1. Our G. W. Yield variety, needed for 60% of our 
acreage. 


2. Our Leaf Spot Resistant variety, needed for 350 
to 35% of our acrenge. 


3. A new variety being developed for resistance to 
Rhizoctonia, needed for 3 to 5% of our acreage. 


At the present tine our G. W. Yield variety is the best all round variety 
for general use in our areas. Where no diseases are involved, it gives the max- 
imum yield of sugar per acre, in the form of a well=-shaped root of high purity 
and good sugar contente It has been tested all the way fron the Imperial Val- 
ley of California to Michiznn and Ontario and under these widely cifferent con= 
ditions was outstanding in many cases. 


Eastern Colorado and some sections of Nebraska are subject to attacks of 
leaf spot about one year out of two, on the avernge, so it is important that we 
have a resistant variety for these areas. We are rather proud of our new G. WY, 
leaf spot resistant variety, seed of which is now being produced on a large scales 
It Ras very find resistance and is of outstanding performance uncer leaf spot 
conditions. We began the breeding of tis variety in 1931 but made our big in 


1/ In Charge of Research, Chief of Exp.Station, and Acrononist, resnectively, 
Great Western Sugar Company. 
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provenent in resistance in the yoar 1936 when we were able to select strongly 
resistant individuals in the fanilies previously selected for a fair dogroe of 


rosistancte 


In the sugar bect crowing arcas cast of the Rocky Mountains resistance 
to leaf spot, Corcosporg beticola, offers more promise of carly and si-nificant 
contributions to the successful production of suzar bects than doos amy other 
single charactor subject to breedinz control. While cortain rather expensive 
sections of this concral aroa, as, for cxamplc, Montana and the San Iuis Valloy 
in Colornto, are quite free of this discase, it is csoncrally recognized as a 
serious liniting factor in production in favorable years over nost of the aren. 


In studies previously reported by LoClerg (4)2/; Gaskill at tho 1935 
Sucsar Boct Round Tndle nectinzs at Fort Collins: Brown at the 1938 Gonernl no: 
ing of this Socioty; and bry Younc, Bscicilson and Calland at the 1939 Eastern 
Rogrional noctinz of this Socioty; it appears thnt cnins of up to 25% in yicld 
of suger por acre are not uncommon as a result of protection asninst loaf spot 


by sprayin: or dustinc. 


Brewbaker and McGreevy(3) reported for the year 1937, a regression of 
Be 52% in yield and .80% in sugar (in per cent of the Standard variety used in 
the test, which was very susceptible to leaf spot) for each unit change in leaf 
spot rating from 0 » none to 10 » very susceptible. Comparavle regression 
figures for the 1938 tests at Fort Morgan were 4.22% for yicld and 1.33% for 
sugar, civing an average for the two years of about 4% for yicld ond 1% for 
sugar. The percentage increases for yicld and per cent sucar adced together 
approximates the total sugar increase. For an average of the two years this 
would be about 5%. Under heavy leaf spot conditions, susceptible comercial 
varieties will differ from the more resistant brecding strains by as mam as 6 
or 7 units on the resistance scale of 0-10, thus accounting for =s much as 30 
to 35% difference in total vicld of sugar. 


Usee 


Theres are several major linos of approach being followed in breeding 
for lcaf spot rosistanco b: The Groat Yestern Sucsar Company, Vize, 


1. Intensivo family and group breeding. Individuals are soloctod for 
froedon from leaf spot under opidemic conditions. These selections aro :inde 
nostly in the regular brooding strains which aro basic to tho G. We. comercial 
varicty, although scloctions are also being made in Cesona and other comicr 
cinls which show considernble spot resist-nco but are rolativoly low 
yiclders, or aro othorwise undesirablo commercinlly. These selected individuals 
are grouped into various combinations of from 2 fow to over 100 roots, Onen= 
pollinated sood, harvosted individunrlly, provides the basis for oxtonsive pro= 
gony testing in replicated trials» 


The purificntion of resistance has prococded very rxpidly dy this nothod, 
the process having boon accolornted naterixlly theough greenhouse groupings, 
thus completing a gonerntion in one year. These results indicate rolative sin- 
plicity of inheritance for this charncter, specific informntion for which is 
still to the industry. 


2/ Ficures in poronthosis rofer to "Literature Cited", 
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2. Mass selection of a large number of individuals to be increased 
immediately into basic material for commercial production. This has not been 
used to any considerable extent since it is much less efficient in the produc~- 
tion of a high degree of resistance than the family and group method. 


3e First generation crosses between resistant commercials or pedigreed 
lots from widely different sources. Several such wide crosses have been made 
looking toward the possibility of hybrid vigor but maintaining the resistance 
characteristic of the parents. 


4, Crosses of G. W. elite stock material with B. maritima, particularly 
North Sea types which are ordinarily biennials, and other wild relatives follow 
ed by successive backcrosses to the commercial parent. 


5- Selection in self-fertilized lines or inbreeding through self 
pollination. Uniformity for resistance can be obtained more rapidly by the 
inbreeding mode of attack than by any other but it is accomplished at the sac 
rifice of the balance of other characters necessary for commercial value, hence 
the necessity of later testing of various combinations of inbreds to restore 
this balance. 


Results 


The first grouping (Group 3642) of quite resistant individuals included 
51 roots planted into the greenhouse during the winter 1936=37. Sufficient seed 
was obtained from only 4 roots to plant in a replicated progeny test. In per 
cent of the Standard (GW18) these 4 families showed average increases of 10. 
in weight of roots, 4.5% in per cent sugar, and 15.2% in total sugare The aver~ 
age leaf spot rating was 1.5 for these families and 6.4 for Standard. 


Individuals selected in 1937 under leaf spot epidemic conditions were 
agoin planted to the greenhouses in the fall with seed being harvested for test~ 
ing in 1938. In these increases B15 constituted a wide L.S.R. selection (58 
roots) from Group 3642, and B17 was planted to 15 roots from Group 3642 and 15 
very LeS.R. individuals from Cesena. The briefly summarized results are as 
follows: 


Bl? 14.77 105.6 15.92" 87.3% 
B15 15.40" 110.0% 14.86" 85.6% 
Cesena 13.19 94.3 14.92* 85.0* 4.0* 
U.S. 200 x 215 14,35 102.6 13.61 84.0 6.0* 
GW1s (Sta.) 13.99 100.0 13.69 83.9 


Dif. for Sige 99 M0 065 


“Significantly above Standard. | 


The results show striking increases in yielding ability and quality for 
the L.S.R, production B17 and B15 as compared with GW18, the Buropean variety 
Cesena, or the Government production U.S. 200 x 215, which has been released 
as a resistant variety. These two groupings show extreme resistance to leaf 
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spot, the ratings for these two groups and the Standard being, respectively, 
1.4, 204, and 7.6. This difference in leaf spot might account for increases 
of from 25 to 30% in yield of sugar per acre on the basis of the regression of 
5% per unit of leaf spot rating, as previously given in this papore 


There were a number of families in the 1938 test which resulted from 
grouping of very resistant individuals. Those originating in Group 3711, in 
which 8 roots out of 15 included in the group produced gufficient seed for re~ 
plicated trial, showed an average increase of 25.73% of total sugar per acre - 
over the Standard. The comparative ratings for leaf spot were 2.09 for the aver~ 
age of the 8 families and 7.6 for Standard. 


1939 
This year was unusual in Northern Colorado, the rainfall being about 

50% of normal, with leaf spot failing to reach serious spidemic conditions ex- 

cept where artificially stimulated as by overhead irrigation, Approximately 

3600 plots were planted in one field nursery of 134 acres near Fort Morgen, 

most of which were of some interest for resistance to leaf spot. Of these plots 

about 1000 should have exhibited extreme resistance. At no time during the sea~ 

son did leaf spot reach sufficient proportions to take notes on its incidence. 


All was not lost, however, since the yield results wnder noneleaf spot 
conditions provided an opportunity to observe the performance on an extensive 
scale in the absence of the disease factor. It served also as a caution to 
extravagant claims for major contributions resulting from a series of flushing 
victories ~ such as sometimes occur in other and possibly even more exciting 
games such as football. 


A broad mass increase (GW1051) of the original leaf spot resistant Group 
3642 was tested at 5 locations including 3 in Colorado and 2 in Montana. The 
average results for all 5 locations in comparison with the regular pedigreed 
strain of Great Western (GW1053) and the Standard (GW18) are presented as fol~ 
lows’ 


Table 2 ~ Results averaged for 5 locations in 1939 
Total 


Sugar 
Vv. T. per e @ of Std. : of Std. T. pe re St 
GW1O51 16.89%" 93.80% 16.26°* 98,13 2.743" 92.03%" 
GW1053 19.11" 107.37* 16.33"*  98.50** 3e117* 105.72" 
GW18 (Sta.) 17.75 100.00 16.57 100.00 2.943 100.00 


Diff. for Sig. 062 3253 220 1.26 2108 3.72 


"s significantly above and a = significantly below Standard. 


Under the conditions existing for these tests with leaf spot occurring 
as a very light attack at only the Longmont station, the résistant variety 
GW1O51 appears at some disadvantage with a yield of 92.03% of Standard in total 
sugar. Applying the regression figure of 5% total sugar for each unit in leaf 
spot rating, it would require less than 2 units of leaf spot to depress the 
total sugar yield of Standard below GW1051 and less than 3 units to place GW1051 
and GW1053 on a corresponding equal basis. Under leaf spot conditions similar 
to those existing in 1937 and 1938, GW1051 would be expected to exceed Standard 
by 10 to 15 per cent, and the susceptible GW1053 by 5 to 10 per cent in total 


sugare 
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Another production from Group 3642 (B40), which originated as the second 
increase of but two families, was tested at the Longmont and Fort Morgan locae 
tionse The results obtained for the original families in 1937 and the first in- 
crease (Gr. 3718) in 1938, both under heavy leaf spot epidemic conditions, and 
the mass increase of Gr. 3718 (B40) are given in per cent of the Standard (GW18) 
for all characters except leaf spot in Table 33 


Table 3 = Comparison of parental strains with 
1st and 2nd increase of very resistant 
material. 


Year Yield of Total Leaf spot (a 
Parental strain 15345 1937 119.8 101.5 12167 169 ° 

" 15369 " 10727 107.8 116.1 lel 604 
lst increase, Gr. 3718 1938 110.2 108.1 119.1 166 668 
2nd increase, B40 (Aves 2 locations)1939 90.4 98.4 889 .03(b 27 


a) The comparison for leaf spot is made directly in terms of the O10 scale of 
resistance to susceptibility. 
b) For Longnont only, no leaf spot at Fort Morgan. 


The apparent drop in yield from the parental strains and the first in- 
crease to the second increase is greater than would be expected based on the 
prediction of 5% loss for each increase of one unit of leaf spob. It is quite 
probable that the narrow origin of B40 may be responsible for some of this loss. 
Under leaf spot conditions similar to those existing in 1937 and 1938, B40 should 
yield upwards of 10 to 15 per cent increase over Standard on the basis of this 
prediction. 


Two broad increases of very resistant selections from Group 3642 have 
been made’ namely, B15, a greenhouse increase (See Table 1) and B42, a field 
groupinge The roots were selected similarly to those used for B40 (see Table 3), 
except that only 2 families are represented in B40 and 34 families in both B15 
and B42. The results obtained at Fort Morgan for B15 for both 1938 and 1939, 
and B42 for 1939 are summarized in Table 4: 


P_ ous 
108.5 119.6 
97.7 97.5 95.0 
97,3 97.6 94.9 


In 1938 leaf spot was rated at 2.4 on B15 and 7.6 on Standard. This 
difference would be expected to result in 25% difference in total sugar yicld. 
There was an actual reduction of 24.6% in total sugar in 1939 as compared with 
the 1938 results for B15 in per cent of Standard, which closely approaches the 
expected on the basis of the prediction figure of 5% for each unit of leaf spot, 
as given above. The two increases B15 and B42 are approximately equal in every 
respect under non~leafspot conditions. 


| 
Table 4 ~ Results obtained for two resistant selections from 
Group 3642 as expressed in % of Standard 
B15 1938 1 
BLS 1939 
B42 1939 
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Varietal crosses for leaf spot resistance 


There was some indication of hybrid vigor in a relatively wide cross, 
Cesena x Group 3642, in the above 1938 tests at Fort Morgan. Group 3642 was 
also crossed with Cesena and the two U. S. leaf spot resistant releases U. S. 
217 and U. S. 200 x 215. These crosses were made by merely grouping roots of 
the two parents, hence by random mating 50% of sib-pollination was possible. ao 
The test was conducted in this manner in order to determine the commercial possi- 
bility of such an incomplete hybrid, since complete hybridization as in corn is 
impractical for sugar beets except through the possible employment of one male 
sterile parent. The crosses were planted at both Longmont and Fort Morgan, the 
results being summarized in Table 5: 


Table 5 ~ Performance or wide erossés arid certain of the 
parents in per cent of Standard, 1939. 


B36 and 37 —- US 217 x Gp.3642, Fy 95.37 100.09 95645 
B38 and 39 ~ (US200x215) x Gr.3642, Fy 99.20 99025 98.45 
B35 — Cesena x Gr. 3642, Fy la 91.30 102.02 93,14 
B70 = Cesena x Gr. 3642, Fo (> 83,37 102.65 85.58 
Comercial Cesena to 73.87 99,12 73.22 
A36 = U.S. 200 x 215 98,12 98.24 96.37 
GW1O51 (Gr. 3642) 98.26 97.55 95,84 


Diff. for Significance 6.33 4.21 8.44 


a) Not the same origin as B70, the roots used for B35 being more carefully 
selected for leaf spot resistance, size and shape. 


Similar to B17, see Table 1. 
c) Results for Longmont only, all others are averages for Longmont and Fort 


Morgane 


The yield and per cent sugar for the cross (U,S. 200x215) x Gr. 3642 
are doth slightly higher than either parent, the difference, however, being 
statistically insignificant. 


Cesena was tested only at Longuont, the results at this Station for the 
two parents and the Fy hybrid, Cesena x Gr. 3642, being presented in Table 6: 


Table 6 » Performance of parents and Fy hybrid expressed 
in per cent of Standard 


Variety Yi f 
GW1O51 (Gr. 3642) 93,50 97,42 91.08 


Cesena 73087 99.12 2 
Ave. of parents 83.69 98.27 82.15 


Fy hybrid 89410 101.56 —90.50 
- Increase Fy over Ave. of 
parents (a 5.41 (3.58)" 3.29 8.35( 6.54) 


Diff. for Sig. 5.41 3.60 7e2l 


a) Recorded yield for one plot of Cesena was so low as to be of questionable 
accuracy. Figures in parenthesis indicate the results obtained when a cal~- 
culated plot value was used in place of the recorded one. 


~ 
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The F, hybrid is above the average of the two parents in yield of roots, 
total sugar aha per cent sugar, the difference approaching significance. These 
results suggest heterosis or hybrid vigor for this varietal crosse The Fy would 
be expected to exhibit greater resistance to leaf spot than the GW1051 parent, 
and in a leaf spot year this fact alone would tend to give the hybrid a real 


advantages 


Selection in self-fertiliged lines 

The work on inbreeding is necessarily based on a long time program look- 
ing toward ultimate improvement in several characters. Since the parentage is 
under complete control it is possible to produce lines pure for certain charac 
ters and use those for rebuilding a variety based on certain specifications. 
By no other method of breeding will this control be possible. In the Kodachrome 
slides presented some of the characteristics of inbred lines are showns 


Recent studies have shown certain characters to be of more or less im 
mediate interest from the standpoint of breeding for improvoment in the sugar 
beet. Previously no particular omphasis had been placed on these so far as our 
breeding work was concorned. The evidence as to possibilities will be briefly 


presented, 


In connection with overwintering increases of Great Western lots severe 
winter killing was experienced during the winter of 1936-37. Not more than 2% 
of the entire population survived in two fields. Plants which were not damaged 
were--grouped for increase, and for progeny tests in 1937=38 in comparison with 
the parental stock. Of the 137 such fnmilies tested 104 or 75.9% showed less 

from 

gtinter killing, whit of parental check material renged fro 

Further evidence of the increase in winter hardiness accomplished by 
this one selection may be seen from Table 7 in which varieties 4 and 5 are the 
mass collections of seed from apparent cold resistant individuals selected in 
the spring of 1937 as described above. 


Table 7 = Results obtained for overwintering 
test of varieties at Windsor. 


% Winter Lbse Clean 
___Varicty 
1 oo 8. 12 10.4 
2 = Buropean Commercial 13.2 
3 Parent of 3 and 4 12,4 


4 — Seed mixture 100 plants 4.4 
25 * 3.4 


3.86" 


— 
mg significant difference between varictics. 


17600 
2208 
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Varieties 4 and 5 showed significantly less winter killing than ver= 
ieties 1, 2, and 3, indicating further evidence of the heritability of cold 


resistance. 


Strength of seed stalk 


In the strain test discussed under "cold resistance" there apneared very 
striking differences in strength of seed stalk just previous to harvest. These 
were rated on the basis of 1 ~ strong to 5 ~ weak, with results as follows: 


Strength No. Families No. parental plots 
Rating in each class din each class. 
1 3 
2 47 
3 54 
4 23 
5 


Shawano 


Total 136 
These results show a very wide range for strength of stalk. 
Yield of seed 


Yields of clean seed per 30 ft. of row obtained for the strains included 
in the test discussed under "cold resistance” are distributed in classes as 
follows’ 


No. Families No. parental plots 
Seed in_each class in each class 
16-20 1 
21=25 2 
26-30 9 8 
31-35 11 5 
36-40 26 3 
41—45 34 1 
46—50 32 1 
51655 8 
56-66 7 
61—65 2 
66=70 2 
Total 136 20 


Nineteen families ranged above the highest yielding parental plot in- 
dicating possibilities of material increase in seed yielding ability through 
breeding mothods,. 


Correlation of strength of seed stalk and yield of seed 


In order to determine whether the apparent weakness of the seed stalk 
was due to the weight of seed which it carried, the correlation was calculated, 
with an obtained x value of ~.1280, which proved to be not significante Hence, 
these characters would appear to be independent in inheritance, and certainly 
worth considering in a breeding program. 
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Rhizoctonia resistance 


Conservative estimates based on studies conducted during 1938 and 1939 
show that diseases caused a loss of at least 2000 tons of beets in the Great 
Western Sugar Comp territory during those years. These same studies show 
that at least 35.75%, or 715 tons, of this loss was due to Rhizoctonia root- 


rote 


This loss is not very impressive when thought of as the result of 
Rhizoctonia root-rot over a period of two years and over an area of more than 
400,000 acres of beets. However, there are local areas where the losses reach 
serious proportions. Each year there are individual fields where the damase 
results in serious financial losses to the grower. 


The need for maintaining sugar bect acreages in badly affected areas 
and on farms subject to serious damage seems to justify an attempt to produce 
a Rhtzoctonia resistant strain of sugar beets. The Great Western Sugar Company's 
attempt to produce such a strain of sugar beets is still in its infancy. 


In this work the possibility that bects resistant to Rhizoctonia in 
the seedling stage (black=root) may not be resistant to the summer root~rot and 
vice verse has not been considered. This paper deals with the summer form of 
root-rot and the possibility of producing strains of sugar beets resistant to it, 


The first selection was made the fall of 1937 from a field that had 
grown potatoes in 1936. The loss on the entire area was in excess of 75%. On 
that part where the selections were made, and this covered a large part of the 
field, not over 10% of the beets remained alive at the time the selection was 


nadee 


-. In making the selection only healthy beets completely surrounded by 
dead ones for considerable distance were chosen. These selected roots were 
stored in a pit silo until the spring of 1938. 


As soon as conditions pernitted 49 of the best of the selected roots 
were set out in an isolated location. Fourty~four of these produced seed. The 
seed of each individual root was harvested separately. 


The spring of 1939 a mixture composed of aliquot parts of the seed 
of each of the individuals harvested in 1938 was planted. The field selected 
for this planting grew sugar beets in 1938. By harvest time that year, the 
crop was almost entirely destroyed by Rhizoctonia root-rot. 


The planting was so planned that 3 plots of seed from the selected 
roots alternated with two plots of Great Western Home grown commercial seed. 
This arrangenent gave 5 plats; Nos. 1, 3, and 5 planted with selected seed and 
2 and 4 with G, W. Commercial~39, 


There was no visible differences in the germination or thinned stands. 
Actual determinations of these stands were not made. Immodiately after thinning 
beets began to die. This loss of plants continued throughout the season and was 
still in progress at the time the final observation was made which was just a 
few days before harvest. 
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The final observation was made by laying out a strip 100 ft. wide 
across the field at right angles to the rows. The number of living beets in 
3 rows (300 ft. of row) was determined in each of the 5 plots. 


Rhizoctonia had destroyed many plants in all plots so that at the 
time this observation was made the stands were 22.5% and 44.3%, respectively, 
for the plots planted with commercial and selected seed. 


The nunber of plants in 300 ft. of row for each of the plots is given 
in the following table: 


Type of Seed 
Select. Commercial Select. Oormercial Selects 
Noe Plants 144 61 122 74 133 


The nean for the selected seed was 133 living plants per 300 ft. of 
row and 67 for a corresponding length of row of the commercial seed. The 
selected seed had a stand nearly twice (198.5%) that of the beets grown from 
the commercial seed at harvest. 


The commercial value of the selected strain was not determined. The 
principal object of the 1939 study was to learn if selections such as were made 
in 1937 would result in the segregation of strains tolerant or resistant to the 
suamer form of Rhizoctonia root—rot. 


The observations recorded above suggest the existence of Rhizoctonia 
resistant strains in our present commercial seeds and the possibility of develop- 


ing such strains through the medium of selection. 


Root-knot nematode resistance 


During the growing seasons of 1937-38 and 39, 25791 beet fields were 
examined for sugar beet nematode. At the same time root-knot nematode infesta- 
tions were noted and reported. It is probable that a small number of fields 
were examined more than once during the three years. However, this number 
would be so small that it may be ignored. Of the 25791 fields exanined, 6.11% 
were found infested with root-knot nematode. 


The total loss due to root-knot cannot be estimated. However, every 
year nany fields are seriously danaged even to the point of a total loss. These 
losses are more or less confined to certain portions of Great Western Sugar 
Company territory. Because of this localization of the loss and the difficulty 
attending control by field practice and our inability to prevent the spread 
of this pest, it seems best to give some attention to the possibility of pro- 


ducing resistant or tolerant strains of sugar beets. 


Steiner (5) distinguishes between host resistance to nematode attack 
and host tolerance. Plants that actually rosist the entrance of nematodes, he 
considers resistant. Hosts that have the ability of developing with little 
signs of distress in spite of presence of root~knot galls, he calls tolerant. 


If the plant breeder accepts Steiner's definitions of resistance and _ 
tolerance it is important that he know what plant characters are associated with 
resistance and tolerance, 
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Artzbderger (1) has attempted to account for rocteknot resistance by 
comparing the morphology of the roots of two resistant and two susceptible cow 
pease The resistant varieties (Iron and Brabhan) had roots that were better 
guarded by protective tissue than the two susceptible varieties (Whippoorwill 
an& early Buff). Ia the resistant varicties the cork layer was better developed,’ 
had fewer broken areas and the cell walls were more suberizede The mechanical 
tissue was more unifornly distributed in the resistant varieticse 


Barrons (2) defines root~knot resistance as "any perceptible ability 
on the part of a plant to grow in nematode-infested soil without the formation 
of root-knot galls". This conception entirely disregards Steiner's host toler- 
ance and host resistance. He found that there was no significant difference 
in the rate of entry in the most resistant and susceptible plants in the secede 
ling stage. He also observed that the root-lmot galls on Henderson Bush Lima 
and Hopi 155 Lima beans were the same sige in the seedling stage but that later 
they are much smaller on the roots of Hopi 155. He concludes that this indicat 
es the development of some substance within the root of the variety that retard— 


ed the development of galls. 


Nematologists seem to be agreed that the root-knot nematode feeds upon - 
the contents of the giant cells which are apparently induced by s-livary secre- 
tions of the nematode. 


Barrons advances this speculative hypothesis, "that resistance may be 
due to certain chemicals within the roots of resistant plants that counteract 
or a the giant~-cell~inducing effect of the salivary secretions of the 
nematode". 


Work of the Great Western Sugar Research Department began with a 
selection of seed from sugar beets grown in a field in Arizona. These plants 
were located in areas. where all surrounding plants killed, or were so stunted 
by rooteknot that practically no seed was produced. The seed thus selected was 
planted on a field so heavily infested with root-knot nematodes that two plant- 
ings of sugar beets were completely destroyed in 1938. Several commercial 
strains were also planted in this field. 


The nematode infestation in 1939 was not nearly as severe as in 1938, 
It was also rather irregularly distributed which made it difficult to determine 
the effect, if any, of the selection on resistance. 


Just before the field was harvested 4 plots each containing 66 ft. of 
row from the selected strain and each of the two adjoining commercial strains 
were selected at random, and the number of beets in each plot determined. 
Weights and sugar contents were not compared since they would be of no value in 
determining relative resistance to nematode in this instance. 


The number of beets living at harvest was smaller in the case of both 
commercial strains than in the selected one by nearly 10%. An examination of 
the roots revealed the fact that certain individuals grew to good size and form 
even though surrounded by roots very seriously affected by root-knot, It is 
hardly probable that such roots were escapes. If they were not, then we must 
assume that they are either resistant or tolerant to root~knot. 


Further study is necessary before it can be said thet resistance or 
tolerance to root~-knot nematodes exists in sugar beets. 


Among future refinements in the breeding program of The Great Western 
Sugar Company are the following: 


1. Further improvement in the purity of beets. Up to the present 
time we have made a gain of about 1.5 points in purity over foreign varieties. 
Careful analysis of our extraction figures at the factories shows that this 
increase in purity with the sugar content which accompanies it, means an addi~ 
tional recovery of about 7 lbs. more granulated per ton of beets, a goal well 
worth striving for. In years of severe leaf spot this increase in-purity will 
be still greater because ef the serious effect the disease has on purity of 


beets. 


2. The introduction of more vigor and disease resistance into our 
present commercial varieties by means of genes coming from Beta maritima. This 
work is now far along and we already have hybrid varieties which are about 
equal to good commercial varieties. This phase of our work was discussed more 
fully in the Genetic Section of this meeting. 


3. The possible development of a variety sufficiently flexible to 
meet all conditions of 80% or more of our acreage. This may or may not be 
attainable, but offers an interesting and exciting goal for any breeding program. 
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PRINCIPAL FEATURES OF THE ACCESSION SYSTEM IN USE 
WESTERN SUG. 
Demonstration Paper 


By H, E. Brewbaker 2/ 


The system for numbering and recording seed lots was devised to 
provide a simple and efficient means of identification, showing the origin, 
description, year produced, deductions, and status of any seed lot in storage 
at any time after it is first recorded. The present system was recently adopt- 
ed after it became evident that the system previously used was inadequate to 
meet the needs of rapidly growing complexity incident to the development of the 
domestic seed industry and of more extensive breeding stimulated by that de- 


velopment. 


It would probably be useless to attempt to standardize numbering and 
recording systems. Many different types are in,use and there is little inform 
ation available in published form. Harringto reviewed methods used by cer= 
eal breeders. The method adopted, as described below, includes certain features 


of the Minnesota system described by Harrington. 
In general, the following grouns or categories will cover all phases: 


I, Seed from individual either open or self~pollinated, crosses 
of individuals or mixtures of seed from two or nore individ 
uals to be used in progeny tests in the same manner as seed 
fron individusls. 


II, Mixtures from nore than one individual either as a group 
or a cross, prinarily for breeding or testing purposes. 


III. Pedigreed lots for innediate production of commercial seed. 
IV. All Great Western commercial seed productions. 


V. New introductions, Individuals, small lots for breeding 
purposes, and commercial varieties not produced for or by 


the G. W. Sugar Co. 
In more detail, the qualifications for each group are as follows’ 


I. Seed from individuals either open or self~pollinated, or crosses 
of individuals. Will also include mixtures of seed from two or more individuals 
to be used in progeny tests in a similar manner to seed from individuals. Such 
mixtures will carry the prefix "X". The seed of an individual will carry the 
mother number, which contimed from 1 to infinity without break for the year. 
If self~pollinated the family number will carry the prefix "8". If a cross it 
will be written in either of two ways as follows: 15335 or 15335 x 15342, the 

15432 
female parent being the numerator when written as a fraction or first number 
when written with a multiple sign; and the generation should be given as Fi, 
¥2, etc., immediately after the number in either case, e ge, 15335 Fy or 


15335 x 15342 Fy, 


1/ Agronomist, Great Western Sugar Company. 
2/ Harrington, J. B. Methods of keeping records of cereal breeding investiga- 


tions. West Can. Soc. Agron. Proc. 3rd mecting, 1922, 


-182- 
One accession loose leaf book is devoted entirely to Group I seed. 


Mixtures of 2 or more individuals to be used as an individual in breeding strain 
tests will be entered at the bottom of each breeding group. 


The breeding groups are numbered separately for each year, the scheme 
used being convenient but nonessential to the seed recording method. The group 
numbers for each year begin at 1 with a prefix consisting of the last two fig 
ures in the year, @. ge, 391 was group i in the year 1939. 


II. Mixtures from more than one individual, either as a mass grouping 
or a cross, primarily for breeding purposes or observation tests. These lots 
will carry the prefix "B" to a separate series of numbers 1 to infinity which 
are carried in Section 19/ of a loose leaf accession book (End Lock Style). 


III. Foundation or pedigreed lots for production of commercial seed the 
following generation. Only those productions by the G. W. Sugar Company will be 
included in this category. The lots will carry the prefix "GW". Numbers GW1001 
to infinity will be used for pedigreed lots. Entries are made in Section 2 of 
the same accession book used for Group II seed. 


IV. All productions of commercial seed made by or for the G. W. Sugar 
Company. Lots will carry the prefix "GW", numbers 1 to 1000 being reserved 
in Section 3 of the same accession book used for Groups II and III seed. Mass 
increases of commercial seed made by the G. W. Sugar Company, without selection, 
will carry the same GW number. When some selection, either natural or artific- 
pr Be mer} been a factor in any such commercial increase, a new GW number is 
assigned. 


Ve. New introductions. Individuals, small lots for breeding or test- 
ing purposes and commercial varieties not produced for or by the G. W. Sugar 
Company. All new introductions will be listed in the accession record referred 
to under II and III, with numbers "A" 1 to 1000 reserved for the commercial lots 
and with other lots being numbered Al1001 to infinity. 


Miscellaneous Considerations 


1. Tags on lots for Group I will carry "Beet No." and "Breeding 
Group", and Groups II, III, IV, ahd V the "Accession number", "Lot" (when one 
is assigned) "Year Grown" and "Place". The variety name in case of commercials 
may be carried. 


2. All additions and deductions for Groups II, III, IV, and V are 
recorded immediately in longhand in a separate bound entry book, numbers boing 
assigned at this time for all new additions. Transfers are typed into the ac~ 
cession records at the beginning of each month, 


3. A chronological index is used to provide easy reference to all 
lots in the accession book, 


4, When pedigreed or other lots of sced are sent out from the Station 
for commercial seed production, they bear their own accession umber, but a new 
"GW" commercial number is assigned at this time. 


3/ Sections 1 to 5 referred to are separate sections of the loose leaf book used 
for all classes of seed other than I. 
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5. All seed lots are given a "class" designation (A,B,C,:or D) in 
the accession records for insurance purposes, since each of these classes is 
valued at a different figure. 


CLASS "A" SEED (INDIVIDUALS ~ GROUP I) 
SAMPLE PAGE FOR ORIGINAL ENTRY AND CALCULATION BY THE PERSON 
CONDUCTING THE GERMINATION 


(Longhand entry) 
Beet (Origin (Wt. Seed Balls % iGern. Balls Total Germ. Possible 
Noe Me Noe Oz. Per 0z./Gern. Per Oz. { Seed Balls | Ft. of Row 
Tot. Pe 0 . 
18878 16423 10.5 1850 94 1739 18120 1510 | 144 


_| i 
! L 


a) Based on 12 gerninating seed balls per foot of row. 


CLASS "a" ( INDIVIDUALS « GROUP I) 
R FIN RY IN ACCESSION 


Beet Origin | Oz. (Ft. Row; No. § |; Inventory 


Noe | Seed _jGerm. | Per Oz. | Seed | Date Oz. | Date Oz. ‘Dat 
18579| 16423 | 10.5) 94 144 6/89 6.5 


| 
| 
/ 
 ... 
- 
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STUDIES OM SOME SUGAR BEET HYBRIDS 
( tration Paper) 


Frank F.' lynes and 0. Oormany (1 


Considerable breeding work has been conducted on sugar beets both 
in foreign countries and in the United States, Much valuable information has 
been obtained as a result of this work. As a direct result of the work in the 
United States there are on the market today a number of American varieties of 
sugar beetse 


The commercial varieties of sugar beet seed available for planting 
by the beet grower are largely hybrids. Thus in the development of new var~ 
ieties of sugar beets hybridization is usually employed at some points The 
point where hybridization is employed is determined by the material being de. 
veloped.s The formation of a hybrid by cross pollination of two strains may be 
the initial step in the development of a new variety or it may be the final ; 
~~ in the breeding process giving rise to Fy commercial seed for plenting by 

growere 


In as much as hybridization occupies a prominent position in breed~ 
programs on sugar beet improvement, a study of Fy hybrids should add mater- 
i to our knowledge of how we might benefit the most from this processes 


When hybridization is employed in the early stages of the develop= 
ment of a new variety for purposes of combining desirable characters, the 
plant breeder has available only a few selected roots of his strains to work 
with. In hybridizing two strains, the usual method employed is to plant roots 
of the two strains in close proximity to each other and allow them to cross 
pollinate since the sugar bect is naturally a cross pollinated plants The 
sugar bect flower is a perfect flower having both staminate and pistillate 
ports. The question arises as to whether or not seed harvested from Strain A 
assumed to be pollinated by Strain B will give rise to a progeny materially dif- 
feront from that produced by the seed harvested from Strain B assumed to be 
pollinated by Strain A, Evidence obtained in our 1939 Breeding Strain trials 
of the progeny of Fy hybrids at Sheridan, Wyoming, indicates that the seed 
borne by the mother parents may differ materially. 


In the production of a new varicsty, consideration should be given to 
the foliage characteristics, a variety having large, upright, broad foliage 
appearing to be desired by our growers. Imeasmuch as contrasts of these foliage 
characters appeared in the parent material of the hybrids, notations were made 
of the foliage character of the progeny of the F, hybrid. The parents of the 
hybrids studied were selected roots of commercially available varieties which 


general use in the various sugar beet territories in 1938. The hybrids were 
formed by the bagging method whereby a branch of each of the two parents was 
confined in a 6# kraft paper bag and the seed was harvested separately from 
each branch. Thirty-nine hybrids involved the contrasting trnits of large and 


1) Assistant: Agronomist and Chief Agronomist, respectively, Holly Sugar 
Corporation. 


have proven their ability to porform satisfactorily commercially, and wore in 
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smell tope Twenty~six of these hybrids exhibited the trait of the pollen parent, 
ten having large top and sixteen having small top; and thirteen of these hybrids 
exhibited trait of the mother parent, six having large top and seven having 
small tope Seven hybrids involved the contrasting trait of broad and narrow 
leaf blades. Six of these hybrids exhibited the trait of the pollen porent, 

two having broad and four having narrow leaf blades; and one of the hybrids ex 
hibited the trait of the nother parent, broad leaf blade. Seven hybrids in- 
volved the contrasting traits of upright and flat foliage. Five of these hybrids 
exhibited the trait of the pollen parent, three having upright and two having 
flat foliage; and two of these hybrids exhibited the trait of the mother parent, 
both upright foliage. 


These limited data indicate that the appearance of these contrasted 
foliage characters in the Fj progeny of a cross may be dependent upon their 
introduction by the pollen parent. 


Other desirable characters are also incorporated through 
hybridization, All hyorids in our breeding strains were evaluated on 
the basis of visual appearance as cormared with our commercial check, 


taking into considerstion size and of roots, together wi i 
and shape of crown. ‘the progeny of those hybrids ‘which nee ieee tobe equal 


to or better than the progeny of the commercial check were designated as good 
hybrids, those being inferior to the check were designated as being poor hybrids. 
This study involved 808 hybrids formed by harvesting 404 single crosses separ- 
ately by mother parent as previously explained. The following table gives the 
results of the crosses involving one parent of the intermediate type anc serves 
as a cross section of the data obtained. The term "Percent Good Fy Hybrids" 
refers to the above mentioned classification whereby the entire progeny of a 
mother parent was considered as being good or poor. 


TABLE 1 
CLASSIFICATION OF THE PROGENY OF Fy. HYBRID SHED RESULTING FROM CROSSES OF 
™ 1 VARIETY OF INTERMEDIATE TYPE WITH SIX OTHER VARIETIZS 


Percent Good Fy Hybrids 
When Parent Used As: 


Difference Type Crossed With 

0 100 100 Intermediate 
100 0 100 Sugar 

0 100 100 Tonnaze 
100 100 0 Intermediate 

0 100 100 Tonnage 

0 100 100 Intermediate 


Average Difference 834 (6 Varieties —- 8 Types) 


These data emphasize the differences which may be obtained by the 
use of selected roots of commercial varieties as male and female parents of a 
single cross, and show an average difference due to the use of this variety 
as the pollen or mother parent, of 83%. 


As the number of individuals entering into the crosses is increased, 
the contrast between the use of the individual plant as the male or female 
parent is minimized by the compensating effect of nvernging the results. 

This is illustrated in the following date where the results of ell crosses 
between two varieties are averaged for one varent of the intermediate type. 


TABLE II 
CLASSIFICATION OF THE AVERAGES OF THE PROGENY OF HYBRID 
RESULTING FROM CROSSES OF 1 VARIETY OF IATE TYPE 
WITH 11 OTHER VARIETIES 


Ave. % Good FL Hybrids 

100 

86 

67 


Difference Type Crossed With 
100 


Intermediate. 

67 19 Sugar 

79 Tonnage 

77 13 Tonnage 

75 “Intermediate 
100 Intermediate 
100 Intermediate 

40 Intermediate 

50 Tonnage 

50 Intermediate 
200 
738 
67 


Sugar 
Fotal 106 (11 Varieties ~ 3 Types) 


Average 86 
Increase in percent good hybrids = 86 - 67 + 67 = 28%. 


The data presented in Table I and II show a reduction in the 
average difference from 83% when based on individuals to 32% when based on the 
averages of the variety crosses. For the particular variety, considered in 
Table II, difference between avernges of the parent effect of all 106 crosses 
show an increase of 28% in good hybrids when thevariety is used as the female 
parent as compared to its use as the male parent. These results are typical of 
the results where the data are assembled by varieties. Due to the volume of the 
data collected it isnot presented at this time, but they show that the 35 var 
ieties studied varied from 0 to 203% increase due to parent usee The average 
percent increase due to parent use for the 35 varieties was 45%. Some of the 
varieties had a greater percent of good Fy hybrids when used as the female par~ 
ent and others as the male parent, whereas other varieties showed no differences 
due to parent effect. The average percent good Fy hybrids for all varieties 
when used as the female parent was 74, and when used as the male parent 75, 
which shows lack of consistant influence of either male or female parent. Fifty- 
seven percent of all hybrids tested showed a variation in the progeny due to the 
use of the variety as the male or female parent. 


Compilation of the data by types, shows considerable variation in- 
dicating that the variation between varieties is greater than the yariation be- 
tween typese In general, the data indicate that better yielding hybrids will 
be obtained, when crossing two types, by using the heavier yielding of the two 
types as the nother parent as illustrated by the following data. 
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Noe of 

64 

100 

100 

50 

75 

100 

100 


TABLE III 
CLASSIFICATION OF THE AVERAGES OF TH® PROGENY OF Fy HYBRID SHED 
RESULTING FROM CROSSES OF TYPES 


Ave. % Good Fy Hybrids 
When Parent Used As: _ 


Parent Noe ¢ é Percent Increase Type Crossed 
Grosses due to parent use? With 


Inter. 33 . 59 Suger 


Tonnage 31 73 60 22 Sugar 
Tonnage 132 11 Internediate 


In addition to the production of hybrid seed by the bagzing method from 
selected roots where limited amounts of seed are obtained, there is also the 
method of producing hybrid seed in quantity by planting blended seed of parent 
varieties, and obtaining Fy hybrid seed by natural crossing of the entire progeny 
the following year. This seed is harvested in bulk irrespective of parent plant 
since it is the product of a large group cross of unselected material. The 
blend of seed used for such plantings is known as a mechanical mixture and the 
¥, seed resulting therefron is referred to as a gonetic mixture. 


In connection with the production of genetic mixtures the question has 
been raised as to what criterion will give us a fair estimate of the performance 
of these genetic mixtures prior to production of the seed and subsequent agrono- 
nie evaluation. The following study was undertaken to determine whether the 
arithmetic average of the performance of the parent forms would serve as an 
index to the performance of their mechanical nixtures or their genetic nixtures. 


The following table presents data taken from variety tests conducted at 
Sheridan, Wyoming, during the seasons of 1938 and 1939. The tests were of the 
Quasi-Factorial design having 91 varieties with ten replications in 1938 and 
144 varieties with six replications in 1939. The data are based on total plat 
yields. The parent forns consist of Extrene Sugar, Sugar, Intermediate, Tom 
nage, and Extreme Tonnage types of unselected commercially available varieties. 
The data involve mixtures of equal and unequal proportions but do not include 
extreme proportions such as 95 percent extreme sugar and 5 percent extrene ton- 
nage nixtures. 
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Unequal Parts: 
*Typess 
Unequal Parts: 


Types’ 

Equal Parts: 
Types: 

Equal Parts: 
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Unequal Parts: 
Typest 

Equal Parts: 
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Equal Parts: 
Types’ 
Unegpal Parts: 
Typess 

Equal Parts: 
Typess 

Equal Parts: 
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Unequal Parts: 


Types? 


“Typess ES = Extreme Sugar; 
ET = Extreme Tonnage 


He. 


h is 


OHoH 


HSH 


Bu 


= Sugar; I = Intermediate} T = Tonnage; 


H 


Examination of the data shows that only four comparisons out of the hundred 
and sixty-eight exhibit significant differences. The arithmetic and weighted 
averages of the parent forms of varieties used in unequal proportions in mechanical 
and genetic mixtures, do not differ significantly. The arithmetic averoge of the 
parent forms and the mechanical mixtures differ significantly in only three of the 
forty~eight comparisons. The arithmetic average of the parent forms and the genetic 
mixtures differ significantly in only one of the twenty~eight comparisons. 


The data show that for the mixtures used in this study, the aritimetic average 
of the performance of the parent forms serves as an index to the perforuance of 
nechanical nixtures or genetic nixtures of commercial varieties whether proprotion~ 


ef equally or unequally. 
SUMMARY 


The data presented based on selected roots of commercial varieties show that 
the appearance of some foliage characters in the progeny of the Fy hybrid of single 
crosses of such roots may be dependent upon their introduction by the pollen parent. 
Other data based on 808 crosses give differences in percentage of good Fy hybrids 
depending upon yhether the variety was used as the male or female parente The aver- 
age difference in good hybrids for all 35 varieties studied was 45%. The data in- 
dicate that better yielding hybrids of the nature studied may be obtained, when 
crossing two types, harvesting the seed separately by parent, by using the heavie2 
yielding of the two types as the female parent. 


Data presented on the performance of certain genetic mixtures produced from 
quantities of mechanical mixtures of seed of commercial varieties show that the 
arithmetic average of the performance of their parent forms serves as an index to 
the performance of such genetic mixtures. 
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FURTHER STUDIES OF SUGAR-BHET SEED BALL EXTRACTS WITH 
SPECIAL REFERENCE TO THE TOXICITY OF HYDROLYZED AM /ONIA 
(Demonstration Paper) 


By Myron Stout and Bion Tolman, Division of Sugar Plant Investigations, 
Bureau of Plant Industry, United States Department of Agriculture 


The presence of water soluble substances in sugar+beet seed balls 
which had a toxic effect on the germination of sugar=beet seed was reported 
in a paper presented ct the 1938 meeting of the American Society of Sugar 
Beet Technologists. 


The present paper is an evaluation of the effect of osmotic pressure 
and hydrolyzed free ammonia on the germination o* sugar beet and certain other 
seedse There was a marked differential tolererce of various seeds to osmotic 
pressure. It was evident, however, that even with seeds most sensitive to 
osmotic pressure this factor alone did not account for the major inhibiting 
effects of seed ball extracts or of solutions of urea or asparagine 


Free ammonia, in concentrations sufficient to account for the observ 
ed damage, was recovered from seed extracts eri dilute solutions of urea ond 
asparagin on which seeds had been placed to germinate. This ammonia was re~ 
leased by engymatic hydrolysis of water soluble organic nitrogen compounds 
present in the extracts or solutions. 


Increases up to four units in the pli v.” extracts were observed during 
germination tests (this is oquivalent to a 10,090 fold decrease in hydrogen 
ion concentration). However, tests with dilute emmonia and slizhtly buffered 
Potassium Hydroxide solutions in which the pH of the liquid in contact with 
the seeds was maintained by a constant flow, indicated that free ammonia rather 
than hydroxyl ion was responsible for the injury. Inorganic ionized ammonium 
salt solutions which were slightly acid in reaction had little effect on ger=— 
mination other than that which could be attributed to osmotic pressure. This 
indicated that free ammonia rather than the amzionium ion caused the toxic ef= 
fects observed. 


RESISTANCE TO FUSARIUM YELLOWS IN SUGAR BEETS 


He W. Bockstahler,? Division of Sugar Plant Investigations, 
(Denonstration Faper) 
Bureau of Plant Industry, U. S. Department of Agriculture 
(Cooperative, Americon Crystal Sugar Co.) 


INTRODUCTION 


In 1931, Stewart (1) reported the disease of sugar beets caused by 
Fusariun conglutinans var. betag. The eynp tons on sugar beets were sinilar in 
many many respects to those found in cabbage "yellows" and the casual. orgenians of 
the two diseases apparently were very closely related. The comion name "ye.- 


1. The writer is indebted to Dr. GH. Coons, Principal Pathologist, for 
advice during the course of this work and in the preparation of the nanu- 
scripte 


lows" was suggested for this disease. In plant pathology literature, this 
common name has been applied not only to such vascular diseases but also to a 
group of virus diseases. To avoid confusion, Nelson, Coons and Cochran (2) 
have suggested the designation Fusarium yellows be used for the celery dis— 
ease caused by Fusarium apii. It seems desirable to introcuce similar usage 


for the sugar beet disease. 


The first collections of Fuserium yellows of sugar beets were made at 
Rocky Ford, Colo. in 1926 and 1927. Since that time, the disease has been 
found in many western sugarbeet districts. Stewart found it in several fields 
in northern Colorado; in 1936 and 1937, G. E. Coons collected specimens in 
western Nebraska, Wyoming, South Dakota, and Montana. In correspondence in 
1937, Me Me Afanasiev reported observing the disease in many fields in Montana, 
but in rather small amounts. 


SYMPTOMS OF THE DISEASE 


The symptoms shown in this disease are those characteristic of a 
vascular mycosis and the general effects are yellowing, leaf blade stunting, 
and distortion. About the earliest foliage symmtoms for positive diagnosis 
ere the yellowing or blanching of one or more of the half~ to fullygrown 
leaves. Only a portion of the foliage bouquet may be involved. These leaves 
commonly show paler areas between the main veins and the leaf blade has a 
nottled appearance. The leaves may also show slight inrolling at the margins. 
As the disease progresses, several whorls of leaves becone involved, and the 
leaves may change from yellow to a red-brown color. Until the plant succunbds 
completely, the inner, partially—developed leaves remain erect like snall 
furled flags. Affected plants stand out rather conspicuously not only because 
of their color but because of the upright habit. Older leaves die ond dry up 
rather than wither. Complete wiltinz seldom occurs with older vlants. 


Stewart showed by greenhouse experiments that a high percentage of 
seedlings when exposed to the organism became in a 14-day period after emerg- 
ence infected and died. Under field conditions at Rocky Ford, Coloe, infected 
seedlings were found to die within a few days and the relatively high tomper— 
atures and low humidity caused them to dry and disappear rather quickly. The 
plants escaping infection in the seedling stage may become infected in later 
stages of growth. Infection of the roots apparently takes plece through the 
tap root or some lateral. 


Roots of plants in the early stages of the disease present almost no 
external indications of the disease; however, in the more advanced stages, the 
epidermis has a lifeless, grayish cast. When an affected root is cut trans~ 
versely, it is found that the vascular bundles are grny or browne In many 
cases, if the disease has not progressed too far, this discoloration may be 
limited to the sector of the root closest to the laternl root through which 
the pathogen made entry. Even after all the leaves of an affected plant have 
died, the root frequently remains firm until secondary organisms enter to com 
plete the decomposition. F. conglutinans var. betao produces a slow, dry rot 
rather than a rapid, soft rot. 
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IMPORTANCE OF THE DISEASE 


Because of its relationship to the group of Fusaria known to cause 
persistent soil infestation, the Fuscrium attacking sugar beets has potential- 
ities of becoming a serious disease which conceivably might render fields un- 
fit for sugar—beet production. As yet, however, except for a comparatively 
few instances, the fungus apparently has not spread in fields at all comar- 
able to the spread reported for the organisms causing cabbage yellows or 
Furserium yellows of celery. In the long period of observation since 1926, 
the ficlds around Rocky Ford and those around Fort Collins, Coloe, observed 
since 1932, in which affected plants were found continue to show diseased 
plants here and there, but no well-marked infested areas traceable to primary 
casese A féw fields, where sugar—bect crops have been rather frequently grown 
and where phosphate deficiency is becoming evident, show a comparatively high 
incidence of the disease. Thus, as high as 25 percent infection has deen found 
in portions of fields near Rocky Ford and strong depression of the yields was 
clearly evident. 


Some tests were made to determine the effects of the disease wnon 
sucrose percentage and root weight. One hundred roots determined as affected 
with Fusarium yellows, and 100 roots determined as healthy were talzen at ran- 
dom from piles of topned beets in a commercial field. The roots as picked up 
were grouped into 20-beet samples. The averages for the 5 samples of each 
class are given in Table l. 


These data show that Fusarium yellows may have effect upon yield, but 
significantly lowers quality of sugar beets, so much so in fact that a field 
with any high incidence would be seriously reduced in its acre-yield of sugar. 
Stewart (loc. cit.) has reported decisive weight reductions as well as signi- 
ficant depression of sucrose percentages. It is to be noted that the data 
given in Table 1 deal with roots of commercial size, large enough for field 
labor to top and pile and small, dwarfed beets as are produced by early attack 
were not included. Stewart has also called attention to the significance of 
the low sucrose percentages in relation to cfficient fabrication of sugzre 


As the incidence of the disense increases, the losses to the grower 
are not linited alone to smaller beets and lowered sucrose percentages. The 
effects that Fusarium yellows have on initial and early season stands also are 
important. Sugar beets can be infected by the organism from the seedling stage 
to maturity. One severely infested sugar~beet field was observed by the writ- 
er in October, 1937 in which the stand at that time wes 50 percent of the in- 
itial, alnost perfect, thinned stand as reported by the fieldmon of the beet 
suger compenye Exanination of plants from the field showed high prevalence of 
Fusarium yellows, and warranted considering this disease as the chicf contri- 
buting factor to the stand loss. 


Opportunity was efforded in a seriously infested field, turned over 
for experinental work by the Anerican Crustal Sugar Company, to obtain informa- 
tion over a number of years as to the sensonnl development of stand losses. 
This field was planted in 1933 to a commercial crop of sugar boctse Counts 
nade on September 25 showed over 12 nercent obviously disensed plantse Since 
many late infected plants fail to show definite foliage symptoms, it is prob= 
able that the incidence of the disease, which had developed under ordinary cul~ 
tural practices involving frequent sugar~beet cropping, was at least twice as 
highe In 1934 and 1935, prior to planting sugar beets, barley grains which 
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had been steamed and then inoculated with pure cultures of Fusarium conglu- 
tinans were drilled into soil at approxinately the locations at which the 
sugarmbeet sced was later to be planted. From the results of subsequent stud~ 
ies in the ficld, it seens safe to assume that extreme exposures of sugar~beet 
plants were thus given, the exposure approaching maxinun in 1937 and 1938. =: . 
The data given in Table 2 are based upon the counts made in four seasons on a 
highly susceptible suzar=—beet variety which was randonly distributed through 
out the field as a check variety. The table shows in each season the drastic 
érop in stand of thinned plants during the first month and a progressive de~ 
cimation of stand throughout the season. 


It is doubtful if the records for apparently free plants at harvost 
indicate significant differences in disease incidence for 1936, 1937, and 
1938 but apparently the exposure in 1935 was not comparable in all sections of 
the field with that of later years. No inoculum was applied in 1937 or 19358 
so that the data also may be interpreted as indicating strong persistence of 
the pathogen generally throughout the field. 


Table 2e—Loss of stand assignable principally to Fusarium yellows in a 


i sus tiblo variety crown in i ted soil th 
experimental fiecl r Fo Colo. Results cive 


t a out 
field 


Year 


i Plants appar- 
Plants alive after approximately only f¥to fron 
. infection at 
_horvesth/_ 


Per- 


Noe + cent; Noe 


1936 


1935, 7,845 13,835! 49 |2,922 | 
2,892 |1,018! | 


1937| 17,158] 6,889 40 4,362' 15) | 


690! 34, = 
| 376 | 


~ | 425) 15! 

- ‘3,362 | 20 | 
1,17 


The harvest record was based on root examinations as well as on foliage 


symptoms. 
2/ Certain sections of the field in which the disease was not severe com 
tributed very largely to these ficures. Probably the bulk of the field 


had high infestation. 
SELECTIONS FOR FUSARIUM-YELLOWS RESISTANCE 


As stated previously, the history of spread and serious economic loss 
es which occurred with the closely related diseases of cabbage and celery in- 
dicated potentialities for loss from the persistcnt, soil-inhabiting Fusarium 
concerned with Fusariumyellows of sugar beet. It seemed advisable, even in 
advance of evidence that the disease was likely to be serious, to undertake 
selections to determine if Fusarium-ycllows resistant could be secured as a 
result of mass selection or other breeding methods. Any varieties with Fus- 
arlun-yellows resistence, if otherwise satisfactory, would at lenst have a 
place in badly infested fields. 


Total; 
| aftor 
| |_1_month | | 
MMM ning | | Per Per Pers! 
8 cont cent; Noe ; cent No. cent Mo. ‘cent 
95 | 3.2 
913 | 5.3 
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The investigations were begun in 1934 in the experimental field just 
discussed. During 1934 and 1935 a large number of European varicties as well 
as inbred strains and synthetic varieties developed in leaf~spot~breeding in- 
vestigations were tested. Records were kept as to stands in the various plots 
efter thinning, and at intervals throughout the sumer. 


Probably the major result from the 1934 tests was the finding that an 
inbred variety developed in the leaf~spot~breeding investigations, 202990, 
was extremely susceptible and that, judging from the persistence of plonts in 
the plots, certnin other varicties, especially certain strains fron the leaf~ 
spot-breeding work, offered possibilities for selection. Judging fron plots, 
no Buropeen brand tested stood out from other brands, although desirable in- 
dividual plants occurred here and there anong them. The tests in 1955 were 
along the same line as those of 1934, excent that 20299-0 as check on infesta- 
tion occurred scattered throughout the field and was used to judge severity of 
exposure in naking selections. 


When the plots were harvested in Novenber, interest was centerec on 
those plots having the best record for stand maintenance or, in the case of 
certain varieties known to be otherwise satisfactory, the presence of a fow 
outstanding plants led to their inclusion, All roots from plots thus chosen, 
which did not show foliage symptoms, were dug and the roots examined by cut- 
ting the ends of the tap roots or large lateral roots. As was to be expected, 
some beets were found which showed no positive symptoms on the leaves but did 
show typical brown vascular bundles. Others had apparently sound tap roots, 
but showed presence of the organism in one or more lateral rootse Positively 
infected, as well as suspected plants were discarded, irrespective of size 
of root and freedom from foliage symptoms. 


The apparently healthy roots as selected were stored in crates or in 
a root cellar where the teriperature was held at about 33-35° F. and the humid- 
ity was held as high as possible by frequent waterings. After 6 weeks of stor 
age, a few of the roots were planted in &inch pots in a cool greenhouse for 
seed production, branches being bagsed to secure selfing. Such of the remain- 
ing roots as were entirely sound in the spring were planted at various isolat~ 
ed locations in a number of groupings, dependent on the pedigrees, the follow 
ing spring for seed production. 


Reselections for Fusariumyellows resistance have been made in the 
primary selections made in 1934 and 1935. As yet, the progress to be reported 
is not of such character that any one selection can be singled out as showing 
such resistance as to warrant introduction. The results obtained with cortain 
selections in 1938 are givon as stron evidence that highly resistant varieties 
may be obtainable by sclectione 


In the 1938 experiments, two 8 X 8 Latin squares were sot up, each 
testing 6 selections and the check vnrietz, 202990 which occurred twice. It 
seened advisable to use this plan with the check variety in order to test nore 
adequately unifornity of the infestation of the field. 


The source material for the various breeders!’ strains consists of a 
commnercinl variety, Flat Foliage, produced by the Anerican Crystal Sugar 
Company, a synthetic variety fron the lenf-spot-resistnnce investigations of 
the Division of Sugnr Plant Investigations, U. S. 215, and certain stocks oris- 
ing fron hybrids between sugar beet and Beta maritina. Since the results so 
pan Boeing not shown definite relations to the sources used, these details are 
on 
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The selections shown in Table 3 represent stocks arising from prinary 
selections made in 1934 which were reselected in 1936 for seed production in 
1937. No significant differences in percentages of plants surviving for any 
of the counts made in the plots throughout the season were found, and the final 
record for percentages of plants appsrently free from infection likewise showed 
no significant differences. The differences between the sclected lots and the 
checks were highly significant. 


In Table 4, two reselections for an original selection for Fusariun- 
yellows resistance also are compared with three first selections and three 
nor-selected lots. In performance, the varieties appear to fall into three 
grows, with highly significant differences between the groupse Varictics 
without selection for Fusariumyellows resistance averaged slightly over 3 per= 
cent in plants apparently free from infection; those having a single selection, 
about 20 percent apparently free from infection; and those with three selec- 
tions, about 33 per cent. 


These results are interpreted as extremely encouraging for the obtain- 
ing by mass selection varicties highly resistant to Fusarium yellowse The 
relatively small spread in percentages of plants apparently free between the 
primary selections and the reselections may be brought about by the inclusion 
of less resistant escapes when reselections of roots were made, which led to 
lowering of the gencral averages. With nore drastic exposures, such as were 
afforded in the 1939 tests, a check on this assumption will be provided. 


Table 3.— Perfo e of str ° ar_ beets sele 
ows resistance when ero on infested soi t Ro 
Ford, Colo. Results from first 8 X 8 Latin § 
Da lot av 


Total Percentage of 
thinned plants 
plots Percentage of plants apparently free 
May | ive o fron infecti 
31 wWuly 7;Sept. 9 Nove at harvest 
2628 


Variety Descrintion 
j 

3661 | 2920 


™201~0 (Second Selection, 1,012 65.1 
7202-0 do. 1,037 |60.5 
"204-00 1,090 :57.6 
205-0 do. 1,040 
207-0 do. 971 ‘57.4 
do. 1,020 :65.3 
202990 Check 972 119.5 
20299—0 do. 963 21.0 


i. 
Difference required 


j 
for simificonce 9931 19265 
Lf Weighted averages. 


| 3764 2803 
26.9 2008 
i 30.9 20.8 
| 37.4 2520 
4.9 i 1,5 


669 | 066 


16.8 13.3 


fos) 


. Percentage of 
plants apparently 
' free fron 
infection 
Description - at harvest 
7206-0 Second Selection 51.1 | 44.5 
"P2090 doe 45.4 | 39.1 
P2100 First Selection 40.4 | 31.3 
7211-00 do. 34.3 | 28.5 
7214-0 do. 31.9 | 26.5 
7216-00 No selection 27.3 | 15.4 
20292-0 Check 9.0 7.6 
20299--0 doe 11.3 9.5 
Difference required 


_for significance 99:1 13.0 22.2 | 
2/ Weighted averages. 


Fusariumyeliows of sugar beet caused by Fusarium conglutinans var. 
betae has been found in Colorado, western Nebroska, South Dakota, Wyoming, and 


Montanae 


‘. Yellowing accompanied by mottling of the leaves in the early stages, 
which may change later to reddish-browr, is a characteristic foliage symptom. 
The distorted and curled leaves tend to remain erect until the plant is com- 
pletely overcome. The root symptoms shown are gray to brown cdiscolorations of 
the vascular bundles and a lifeless, grayish cast to the epidermis in the ad= 
vanced stzrgese The pathogen produces a slow, dry rot rather than a rapid, soft 
Tote 


The disease reduces the size and quality (sucrose percentage, and ap= 
parent purity coefficient) of sugar beets. Seedlings are especially susceptible 
to invasion by the pathogen, but the fungus attack continues with older plants 
throughout the growing seasone 


Definite progress in securing resistant varicties has been shown as a 
result of mass selections, the second selections being significantly improved 
over the primary selections. 
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Resistance when grown on infested soil at Rocizyy Ford, Colo. 
Result fron ne 8 X 8 Latin Square in 1938. (Data given as. 
SUMMARY 
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= 


EFFECT OF MOSAIC UPON YIELD OF SHED BY SUGAR BEET ROOTS 1/ 
> 
John Ge Gaskill 2/ 


The mosaic disease of sugar beets has been considered by various in~ 
vestigators to be detrimental to the sugar—beet seed crops Robbins (7), in 
1921, discussing observations in Colorado and Nebraska, reported the occurrence 
of an occasional plant in sugar—beet fields which produced an unusually small 
quantity of seed, arently as a result of severe reaction to mosaice. In 
Burope, Schaffnit (3) stated that seed beets attacked during the first year, 
frequently produced one third less seed than normal beets} and Muraviov (5) sum 
marized experiments conducted by himself and I. S. Shevtshenko in which it was 
shown that the disease reduced the yield of sugar-beet seed by 12.9%. Jones 
(4), considered mosaic to be an important factor in limiting the yield of gar 
den-beet seed in the state of Washington. 


Several hundred acres of sugar—beet seed are produced annually in 
northern Colorado at the present time, largely by the ordinary steckling method. 
Mosaic is usually quite prevalent in these fields, and has been suspected of 


causing serious damage. 


The work reported in this paper was undertaken in order to obtain more 
definite information regarding the effect of mosaic upon the sugar~beet seed 
crop under northern Colorado conditions. 


EXPERIMENTS IN 1938 AND 1939 


Fall selection of mosaic plants and of comparable, apparently healthy 
plants for determination of the respective seed yields was employed in order to 
be certain of the presence of virus in all roots of the mosaic class, and, fol- 
lowing selection, to give both classes similar storage. Preliminary trials had 
indicated the danger of latent infection in plants which appeared free from 
mosaic, which were to serve as checks, and consequently commercial sugar~beet 
fields in which the degree of apparent mosaic infection was relatively low were 
chosen as a source of rootse As a further precaution, after selection of a 
group of mosaic-infected roots from a field, the comparable check plants were 
taken at a distance of at least several feet from any plants showing mosaic. 
4s a rule, check roots were taken within a radius of not more than 50 feet from 
the place of selection of the corresponding diseased beets, but in several in- 
stances the two groups were taken from opposite ends of a field. Root selection 
was strictly random, in all cases, subject to the above restrictions. The var- 
ieties of sugar beets in the 10 fields used for the selections in the two years 
of experinents included two foreign brands and one American variety. 


Sugarmbeet mosaic has been described by numerous investigators, includ- 
ing Robvins (7), and Smith (9), and a detailed discussion of the s;mptoms of 
the discase need no+ be repeated. In the selection of plants for use in these 


1/ Contribution from the Division of Sugar Plant Investigations, Bureau of 
Plant Industry, U. S. Department of Agriculture. Read by G. He Coons. 
2/ Assistant Pathologist. 


=-200~ 

experiments, it was observed that mottling and the frequent tendency toward 
puckering in the leaves of mosaic-infected plants agreed with the description 
given by Robbins. The severe type of malformation, often culminating in death 
of the leaf tip, which was considered by Robbins to be a manifestation of ad~ 
vanced stages of the disease, was not observed to an appreciable extent in any 
of the fields in which selections were made, and did not appear to be associat~ 
ed with mosaic at any time during the course of the subsequent experiments. 


The roots selected were trimmed in the usual manner for mother bects 
and stored over winter in crates in the Station root cellar at Fort Collins, 
Colo. under conditions of relatively low temperature and high humidity, as 
described by Gaskill and Brewbaker (2). In the spring immediately following the 
year of selection, these roots were transplanted for seed production as describ- 
ed belowe 


TESTS IN 1938 
Experiment 1 


Five groups of mosaic-infected roots and the five corresponding groups 
of control roots were planted together as paired plots on May 13, 1938 at one 
location, the roots in each pairing having come from the same source ficld, 
Check plots were larger and contained correspondingly more beets, in order to 
allow for anticipated early occurrence of an occasional infected plant. Beets 
were spaced 3 X 3 feet, with check-row arrangement, and the entire experiment 
was surrounded by a row of roots of a commercial variety for buffer purposes. 
The crop was given ordinary care, with the addition of an occasional dusting or 


spraying for aphis control. 


Each beet was examined for mosaic symptoms one month after planting. 
All plants in the plots planted with roots recorded as infected in the fall show~ 
ed definite symptoms on that date, A few check plants also showed distinct evi~ 
derces of the disease, and it was assumed that this was due largely, if not en- 
tirely, to fall infection which was too late to produce recognizable symptoms 
before the roots were selected. All such plants were disregarded entirely at 
harvest, but were left in place until that time, As was to be expected, a few 
beets died during the season because of root rot but these losses did not appear 
to be associated with mosaic. The resulting gaps in stand were ignored, and all 
plants which died before maturing any soed were disregarded entirely in the sum- 
marization of yield data. 


All seed was harvested on August 16, at what was considered the normal 
degree of maturity, no appreciable difference in maturity being evident between 
mosaic-diseased and check plots. After being dried the seed was threshed and 
cleaned in a manner approximately comparable with that employed commercially, 
except that a 6/64-inch round~hole type of screen was used for elimination of 
small seed instead of the customary slotted type. Average germination percent— 
age was determined for the seed from each plot, in accordance with accepted 
ge ne. with germinator temperatures alternately 20° C, for 18 houzs, 30° C. 

or 6 hours. Final counts were made on the eleventh day. 


The summarized yield and germination data, presented in Table 1, show 
a significantly lower production of seed per plant for the plots in which mosaic- 
‘infected roots were planted, but indicate an apparently negligible difference in 
germination percentage. In.comection with the yield figures, it should be point 
ed out that mosaic had spread in the check plots to a considerable extent in mide 
season, although actual counts were not made. 
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TABLE 1e—Effect of mosaic upon yield and viability of seed produced 2/ 
by sugambeet roots, in a compact experiment, Fort Collins, Colorado, 1938 


of plants por plot aver. wi. of seed per avers germine ination S/ 
: Mosaic 
Mosaic Check «© infected 
infected ( (2) 
90.0 91-3 
85.5 86.8 
89.5 88.0 
87.0 78.5 
9208 | 9203 

Iveraze 24.8 88,96 8738 
Difference’ 

Actual 1.58 

Percent (based on check) 13% 1.78% 
t 0.872 
Oaas <1,521 


a/ Plants spaced 3° x 3! throughout; no additional space between plotse 

b/ Seed retained on 6/64~inch round-hole type screen. 

c/ Each germination value based on 400 seed balls; final count on llth day. 
a/ Plants naturally infected during first year of growth. 

e/ Odds against the occurrence of the indicated difference, due to chance. 


Experiment 2 


In preliminary experiments, attempts to prevent serious spread of 
mosaic from infected plots to adjacent check plots by means of dusting or spray- 
ing had been unsuccessful. In order to obtain data regarding the current pro- 
blem, under conditions less conducive to spread of mosaic among the check plants 
than in Experiment 1, a parallel oxperiment was conducted in 1938 in a corn 
field, with a minimum distance of approximately 150 feet between plotse Five 
pairs of plots similar to those just described were planted, with a minimm 
spacing of approximately four fect between beets. Corn was not permitted to 
grow within any plot. One replication was lost as a result of an alkali spot 
in the field. 


The crop was planted on May 13, soon after corn planting, and was 
handled in a manner similar to that of Experiment 1, oxcept that the single 
check plant which showed mosaic symptoms on June 13 was removed at that time. 
All but one of the plants in the plots of mosaic-infected roots showed definite 
mosaic symptoms when examined on June 13. That plant was too small to pernit 
an accurate conclusion at that time. It was noted in mid-season that the do- 
velopment of mosaic in check plots was relatively slight as compared with that 
in the experinent discussed above, though counts of infected plants wore not 
nade. 


The crop was harvested on August 22, and the seed yield and gernination 
percentages were determined in the manner described above. These data are 
shown in summary form in Table 2. It is of interest to note that, in this ex 
perinent, with less mosaic in the check plots, the indicated loss in seed yield, 
attributable to mosaic, was highly significant and anounted to 38.94% as com 
pared with 23.13% in Experinent 1. The difference in average germination be~ 
tween checks and disease plots in Experiment 2, as in the other test, did not 
approach significance, 
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TABLE 2.~—Effect of mosaic upon yield and viability of seed produced 
by sugambeet roots, in space~isolated plots, Fort Collins, Colorado, 1938 


saic- Mosaic= 


Mosaic~2/ infected Check ‘infected 
|infected _(grans) (grams) (4) 
20 9 82.6 7868 76.0 
19 9 58.0 80.5 82.8 
19 10 120.7 81.0 748 
8 96.6 87.8 
Average 19.0 9.0 89.73 82,03 | 79028 
Difference’ 
Actual 57.22 2e75 
Percent (based on check) 38.94% 3.235% 
t 6.127 1.510 
Oadas >9931 < 431. 
a/ Seed retained on 6/64inch round~hole type screen. 
b/ Each gernination value based on 400 seed balls; final count on llth day. 
c/ Plants naturally infected during first year of growth. 
a/ Odds against the occurrence of the indicated difference, due to chances 


1939 TEST 


Experinent 3 


In view of results obtained in the preceding year, a plan in which the 
plots with nosaic-infected plants were separated some distance from the check 
plots and screened by corn plants was used in 1939. Experiment 3 was set uw 
which, in general, was sinilar to the second 1938 test, except that an addi~ 
tional series of plots was included for the purpose of obtaining more definite 
evidence regarding the effect of mosaic when infection occurs in the seed~ 
bearing year. Three series of plots were set up in this experiment as follows: 
(1) the check series, planted with apparently healthy roots; (2) a mosaic- 
diseased series, planted with roots infected in the preceding season$ and (3) 
a mosaic-diseased series, in which apparently healthy roots comparable with 
the first series were artificially inoculated with mosaic in the seed~bearing 
yeare The inoculations of Series 3 were made one month after planting, using 
@ mechanical~injury method which was a modification of the techniques describ- 
ed by Hoggan (3) and by Rawlins and Tompkins (6). The experiment was laid out 
in a corn field, and the roots were planted on May 11, immediately after the . 
corn was drilled. There were six widely~separated replications, and in each 
replication Series 2 and 3, which involved mosaic-infected plants, were locat— 
ed as adjacent plots, More than 100 feet intervened between these plots and , 
the corresponding check plot of a replication, The arrangement of plots with- 
in each replication was randomized, subject to the restriction indicated. 


The crop was handled in a manner similar to that employed during the 
preceding year, though more detailed notes were taken. All plants in check 
plots were examined twice during the first month after planting, and five with 
mosaic symptoms were found and destroyed immediately. Examination of all other 
plants in the experinent on June 10 revealed one obviously infected individual 
in the six plots to be inoculated (Series 3) and four plants without nosaic 
symptoms in the six plots of mosnic-infected beets (Series 2). Three of the 


latter four plants were extremely small at the time of the examination. 


Seed yield and germination data were obtained in approximately the 
same manner as in 1938, except that the seed was passed over a slotted type 
screen with slots 7/64~inch wide--a method more nearly comparable with com 
mercial practice. The results are presented in Table 3. As before, average 
germination percentages for the three contrasted series did not differ signi~ 
ficantly. The average seed yield obtained from control roots was higher for 
each replication than that obtained from roots known to be infected with mossic 
in the previous fall; the averages for the six replications showing a highly 
significant difference in favor of the controls. The average seed yield from 
Series 3 —plants inoculated in the seed~bearing year~-was significantly below 
that of the check. 


TABLE 3,—ffect of mosaic upon yield and viability of seed produced 
by sugar~beet roots, Fort Collins, Colorado, 193 


Treatment and number of /Treatment and Average wt.' Treatment end — 
plants per plot of seed per plent b/ | ermination 


| (2) (3) (2) | (3) 
(2) (3) (1) {Mosaic |Mosaic , (1) {Mosaic | Mosaic 
Mosaicd/ | Mosaic®/ Check {~early |~late Check ~early | ~late 

early |~late (erams)| (groms)) (crams) ()_|_(%) (3) 
109.1 | 70.1; 947 76.0 | 6200 | 6705 
132.8 | 63.0! 55.2 57.5 | 7205 | 58.5 
97.0; 61-2} 88.9 62.0 | 6700 | 7265 
63.0 | 60.1) 89.3 55.0 ; 6160 | 7400 
151.1 | 106.0; 103.9 78.5; 7000 | 77.0 
133.5 | 109.4; 7762 710 | 8140 6940 
114.42! 78.50, 84,87 66.67! 68.92) 69.75 


0.8295 g/ 066653 h/ 
S.E, of mean of 6 replications 8.3963 
Difference for significance between 
means of 6 revlications? 
Based on 5% point 26.46 
Based on 2% point 32.82 


a/ Within each replication treatments 2 and 3 occurred in adjacent plots, but 
otherwise all plots were spece-isolated. 
b/ Seed retained on 7/64~inch slotted screen. 
c/ Each germination value based on 200 seed balls; final count on 10th daye 
a/ Plants naturally infected during first year of growth. 
Plants artificially inoculated, June 12, 1939. 
f/ Includes one plant showing mosaic symptoms at time of inoculation. 
g/ zvalue exceeds the 5% point. 
h/ Negative svalue indicates absence of significant differoncos. 


Replica~ | (1) 
tion Check 
1 22 
2 16 
3 22 
4 19 | 
5s tir | 
Average 19.2 . 


It was recognized that the symptoms of mosaic in mother beets, -nown 
to be infected, frequently become indistinct or may disappear entirely during 
the latter part of the seed=bearing year. However, it seemed desirable to 
follow, in so far as possible, the progress of mosaic in the inoculated plots 
in this experiment by means of individual plant records taken at appropriate 
intervalse Counts of positive mosaic cases were made in all other plots for 
comparative purposes. At the same time, the occurrence of bolting g/ and 
blooming was recorded. 


Although the percentages of the population which became infected in 
Series 3 cannot be stated, because of suspected masking of symptoms, it is 
known that at least 49.6% of these plants had the disease on July 12. It is 
of interest to note the low percentage of obviously infected plants in the 
checks, throughout the season, as compared with that in the other two series. 


Bolting appeared to be retarded somewhat dv mosaic, particulerly in 
Series 3. The average percentage of bolting plants in that series was signi~ 
ficantly below that for Series 1 (check) on July 2 and 12, and was also signi~ 
ficantly below that for Series 2 on July » It should be pointed out that 
the percentage of bolters in Series 3 did not increase at all during the 10 
day period, beginning 20 days after inoculation, suggesting a rather strong 
reaction to the virus at that point. <Aversge bolting percentages for the 
three contrasted conditions did not differ significantly on June 10 or August 
3. Likewise, in percentage of plants which failed entirely to produce seed, 
as a result of delayed bolting or vegetative tendencies, none of the cifier— 
ehces among the various experimental treatments were significant. Statistical 
analysis further indicated that there were no significant differences among the 
series in percentage of blooming plants. 


DISCUSSION AND CONCLUSIONS 


In no case in the 1938 and 1939 experiments, were root rot losses 
abnormally severe, and there appeared to be no association of rotting with 
mosaic. A statistical study of field counts for the two experimental treat~ 
ments which occurred in each of the three experiments in the two seasons in~ 
dicated that the difference between the rot losses for control roots and that 
for beets carrying first-year mosaic infection was not significant. 


Gaps in stand resulting from early removal in Experiments 2 and 3 of 
the few mosaic-infected beets found in check plots, within one month after 
planting, were considered of negligible importance because of the wide spacing 
of the plants as used in these experiments, the minimum distance between beets 
being approximately four feet. Effects from these gaps were disregarded, 


In planning the experiments reported here, it was necessarily assumed 
that, in commercial sugar-beet ficlds showing a moderate or low percentage of 
mosaic infection in the fall, plants with symptoms of the disease would not be 
appreciably inferior to the remainder of the population in secd~producing 
ability for any reason other than the effects of mosaic. It seemed improbable 
that plants with low seed~producing capacities, as a class, would be more pal~ 
atable to the insect vectors. Some information regarding infected bects was 


3/ The term "bolting" as used here denotes the presence, on a given plant, of 
at least one seed stalk—approximately one-half inch or more in length. 


4/ Variance analyses of all percentage data obtained from field counts were 
made in accordance with the procedure sugzested by Clark and Leonard (1), 
using the transformation, p « 


obtained in the fall of 1938. For the purpose of making comparisons in root 
weight and sucrose percentage between apparently uninfected plants and beets 
showing obvious symptoms of the disense, twenty-four pairs of samples, averag~ 
ing 18 roots per sample, were taken oy a random method, just before harvest, 
from commercial sugar~beet fields in which apparent mosiac infection avernged 
approxinately 30%. The two classes of roots did not differ significantly in 
sucrose percentage, but in average weight per root the nosaic-infected class 
was 6.8% above the checks——-a difference which was statistically significant. 
These results suggest a slight tendency in the vectors to feed upon the nore 
vigorous plants. Any effects upon seed production which might arise from vari- 
ation in root size are elininated in the comparisons between Series 3, spring- 
ineculated plants, and the check series in Table 3. 


The results from two years of experiments, in which the performance of 
check roots was compared, by means of spaco-isolated plots, with that of bdects 
which were infected with mosaic in the year preceding seed bearing, are sw» 
marized in Table 4. The indicated reduction in yield of seed attributed to 
nosaic, onounting to 34.97%, was highly significant, being far above ods of 
99:1. The difference in germination percentage did not appronch the point of 
significances 


The evidence presented in this paper seems to justify the conclusion 
that, under the conditions of the experiments, mosaic was responsible for 
serious reduction in sugnr~bdeet soeod yiold, first,when infection occurred during 
the vegetative year, and second, when it occurred in the seed-bearing yenre 
Lowering of secd viability because of mosaic in the seed bearer was not shown. 


TABLE 4,~—Effect of mosnic upon yield and viability of seed produced 
by sugambeet roots in space-isolated Fort Collins, Colorado$ su 
nary of two years! data — 1938 and 1939 


—<Aver. ed per t ere germination 
Mosaic— Moseic- 
Check infected Check infected 

Year (grans) (grams) (#) 
1938 146.95 89.735 82.03 79.28 
1939 14,42 78.30 66.67 68.92 
Weighted averaze 127.43 82.87 72231 73-06 
Difference: 

Actral 44,56 0.25 

Percent (based on check) 34. 9% 0. 34% 
t 6. 240 0.088 
Odas >9931 <1131 


a/ Swmary, taken from tedles 2 and 3. 
b/ Plents wore naturally infected during first year of growth. 
c/ Odas against the occurrence of the indicated diffcrence, due to chancée 


SUMMARY 


Sugembeect roots showing mosaic in their first year of growth were 
brought to seed production the following year in replicated plots in compari~- 
son with plots of apparently healthy roots taken from the same commercial fields, 
The average seed yield per root fron the nosaic-infected class was approrinate=- - 
ly 23% below the average yield for apparently healthy roots, a significant 
difference. The seed obtained from the two classes of roots did not differ 
significantly in viability. In this experiment, the plots planted with mosaic= 
infected roots were contiguous with the plots planted with apparently healthy 
rootse Spread of mosaic occurred, which may have caused lowering of yields 
from the plants which were apparently healthy when set out for seed production. 
In a second experinent, the mosaic-infected roots were planted in plots in a 
corn field with some distance intervening between those plots and the respective 
control plotsd/ith this space-isolation of plots, the spread of mosaic into the 
controls was probably rather limited. The average seed yield per root fron 
the mosaic-infected class was anproxinately 39% below the average yicld obtain 
ed from the class composed of apparently healthy roots, this difference being 
highly significant. 


In a test the following year, in which the control plots were at some 
distance from those with mosaic-infected plants, seed production, on the basis 
of yield per plant, from nosaiceinfected roots, averaged approximately 32% less 
than the corresponding seed yield from the checks—a highly significant differ~ 
encee In this experiment, apparently healthy roots were inoculated one month 
after planting in an additional series of plots. Yields from the inoculated 
plants averaged 26% less than from the controls, a difference which was well 
above the point of statistical significance. 


No significant differences in viability hetween the seed lots obtained 
from-the mosaic-infected roots (either early or late infections) and from the 
apparently healthy roots were found. Mosaic may have delayed bolting to some 
extent in the case of plants inoculated in the seed=bearing year} apparently 
the disease did not significantly influences percentage of plants bloominz, or 
significantly increase the percentage of plants which failed entirely to pro~ 
duce seed as a result of delayed bolting or vegetative tendencies, So far as 
found in these tests, the most conspicuous effect of mosaig on sugar beets 
grown for seed production is the reduction of seed yields, 
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RELATION OF 8~INCH AND 16-INCH SPACING TO CURLY~TOP 
INFECTION AND PERFORMANCES OF CERTAIN CURLY~TOP—RESISTANT 
SUGAR BEET VARIETIES 
(Abstract) 


By A. Me Murphy, Junior Pathologist, Division of Sugar Plant Investigations, 
Bureau of Plant Industry, United States Department of Agriculture. 


Studies were made on the relation of S& inch and 16-inch spacing to 
curly~top infection and performance of six economically acceptable curlytop 
resistant sugar bect varieties. The varieties varied in resistance to curly 
top from intermediate to highly resistant. Two dates of planting were made, 
the first on April 21 and the second on May 8 The varieties were planted in 
a 6x6 Latin square, each plot 80 feet long and four rows wide. One-half of 
each plot was thinned to 8 inches and the other half to 16 inches. 


Under the conditions of the test it was found thit by midseason there 
was opvroximately 50 percent more obvious curly top in the 16-inch spaced beets 
than in the inch spaced beets. It was also found that the less resistant 
varieties gave better yield in the closer spacing. 


VERTICILLIUM WILT OF SUGAR BEST 
(Abstract) 


John 0. Gaskill and W. A. Kreutzer 
Division of Sugar Plant Investigations, Bureau of Plant Industry 
and Colorado Agricultural Experiment Station. 


In the latter part of August 1939 an unusual wilt of the sugar beet 
(Beta vulgaris L. ) was observed in fields in the vicinity of Ault, Colorado. 
The malady was characterized by a wilting and dying of the outer leaves which 
was soon followed by distortion and oecasional loss of turgidity of the inner 
leaves. An exomination of the interior of the tap root of any given plant 
showing such aerial symptoms generally revealed a discoloration of a fow of 
the vascular bundles. The lateral roots usually showed a greater emount of 
this vascular necrosis than did the tap root. Rotting of the infected tap 
roots was seldom observed; the parenchymatous tissues being apparently unm 


a/ English translation by Hs A. Kuyper, Division of Sugar Plant Investigations, 
Bureau of Plant Industry, U, S. Dept. of Agriculture. 
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affected. Isolations from the necrotic vascular tissues yielded a specics 

of Verticillium, which when introduced into steamed soil in which stecklings 
had been transplanted, induced the symptoms characteristic of the disease. 
Isolations from these plants yielded cultures which were identical with those 
obtained from field specimens. The morphology of the casual organism resembles 
closely the descriptions of Verticillium alboatrun, 


In order to obtain an indication of the prevalence of Verticillium 
wilt, 11 fields representing the Fort Collins, Loveland, Kersey, Lucerne and 
Ault areas were examined. A trace of the disease was found in six fields in 
the latter three districts, and approximately 1 per cent infection was evident 
in one field near Ault. 


In paired comparisons of lots of diseased roots with comparable lots 
of apparently unaffected roots, the average sucrose percentages were 11.50 and 
15.86, respectively, the difference being highly significant. In addition, 
the average gross~and indicated-available sucrose per root, and the average 
coefficient of apparent purity, were significantly lower in the case of the 
diseased plants. The average weight of the latter class of roots was less than 
that of the controls, but the difference was not significant. 


(Complete paper will be submitted to Phytopathology) 


BLACK ROOT OF SUGAR BEETS IN THE PUGET SOUND DISTRICT OF WASHTWoTON! 


By Leo Campbell 


Black root of sugar beets has increased in importance in the Puget 
Sound- district of Washington for the past twelve or thirteen years, or since 
a few years after the inception of the sugar beet industry there. During the 
last few years the seriousness of the disease has increased until it is one 
of the prime factors in limiting the sugar beet production in this district. 


During investigations of the past three seasons, black root has been 
found in all the fields examined, ranging from a trace to 95 per cent, and 
losses due to the disease have varied accordingly, or from a little or no 
losses to losses so heavy that fields were abandoned. 


Numerous fungi have been isolated from cultures of black root beets, 
but the only organism found to be pathogenic was a Phoma identical with that 
from seed of German origin and identified as Phoma betas. 


From data collected during the growing seasons of the past three years, 
it is evident that black root can be controlled by the proper system of crop 
rotation. Where beets are grown for two or more years in succession, black 
root in serious proportions is inevitable, at least on the better beet soils. 
The object in crop rotation is to prevent the accumulation, or to rid the soil 
of the black~root organisms, and to maintain the fertility of the soil. To 
prevent the accumulation of the black-root orgsnisms or to rid the soil of 


* Published as Scientific Paper No. 439, College of Agriculture and Agricultur~ 
al Experiment Station, State College of Washington, Pullman, Washington. 


them, a cultivated crop immune to the disease should precede bectse Small 
grains seem to be rather effective in this respect also. To maintain the 
fertility of the soil, a sod crop, either meadow or pasture, containing some 
legumes should be used. It has been found that a sod crop will harbor the 
disease for several years, in some cases up to 12 years, and that a cultivated 
crop such as corn, beans or potatoes will generally reduce it to a safe minimun 
in one or two years. Consequently, the cultivated crop should intorvene be- 
tween the sod and beet crope This order would also facilitate the preparation 
of the proper seed bed for planting beets. 


There is some evidence to indicate that longer and snoother beets are 
produced when beets are grown for several successive years in the sane soil, 
and because under certain conditions it is impractical to follow a syster of 
crop rotation as described above, some alternative to crop rotation for the 
control of black root is desired by the growers. Consequently, seed treatment 
with various fungicides, which have given some degree of control of the disease 
in various other sections of the United States, and several soil treatments were 
tested in the Puget Sound district in cooperation with the Utah-Idaho Sugar 


Company and local growers. 


In cooperation with the Utah-Idnho Sugar Company, Ceresan and New 
Improved Ceresan in a separate section and Ceresan and untreated checks in a 
split plot design with plantings for other purposes were compared as to their 
value in the control of black root in two separate plots of approximately one 
acre each. The averages of the data on unthinned and thinned stands, percent~ 
age black root and yields per acre are presented in Table l. 


Table 1. Field Data on Seed Treatment for Black Root of Sugar 
Beets. Season, 1938 


Thinned’ Per cent” Yield tong 


stand black root acre” 


99.3 19.6 


New Improved Ceresan 99.3 2120 
Untreated checks 19.1 
“The unthinned stand was derived by subtracting the number of blank inches 
from the representative 100 inches of an inside row of each four=row sub plot, 
thinned stand represents the number of beets in 100 feet of an inside row 
of each sub plot. 
“The per cent of black root represents the number of black root plants among 
ten plants from ten representative points of an inside row of each sub plot. 
yield per acre was derived from the weight of beets from sixty feet of 
each of the two inside rows at harvest time. 


The plants came up a little sooner and much more uniformly in rows 
for which treated seed was used, but it is evident that neither of the Ceresans 
were of little value in the control of black roote 


In three hand~planted plots, totalling about one third acre, soil 
treatment with calcium cyanamide, formaldehyde dust and borax were compared 
with Ceresan seed treatment and untreated checks in the control of black root. 
The averace per cent of black root for each of the treatments for the three 
plots is given in Table 2. 
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Table 2. Results of Field Tests on the Control of Black Root of 
Sugar Beets. Season, 1938 


Treatment~ Cn Fa Ch Bx Ce 

Per cent black root 78.3 67.0 77.9 70.8 78el 

lfhe symbols represent the following: On, calcium cyanamide, broadcast at the 
rate of 500 pounds per acre 16 to 19 days before planting; Fd, formaldehyde 

dust (6% with charcoal as a carrier) at the rate of 50 pounds per acre with 
the fertilizer in the drill at planting time; Ch, untreated checks; Bx, borax 

at the rate of five pounds per acre with the fertilizer in the drill at plant 
ing time}; Ce, Ceresan dust at the rate of 34 ounces to 20 pounds of seed. 


The results indicate that these treatments as used were of little or 
no value in the control of black root. 


Tests on the value of seed treatment and soil conditioners and the 

merits of several varieties of beets of different sources were conducted by; 

the Utah-Idano Sugar Company in plots comprising nearly 2.5 acres. The soil 
conditioner section comprised six different tests of four row strips each in 
four replications, and in the seed treatment section Ceresan seed treatment was 
compared with untreated seed in a split plot design with six different variety 
tests in four replications of four rows each. Data on the tests are presented 
in Table 3. 


Table 3. Data on Stands, Black Root and Yield of Sugar Beets, Utah~ 
Idaho Sugar Company Plot. Season, 1939 


Soil conditiorers thinning time+ At harvest time? 
in peunds per acre, Number Number Per cent Number Weight of 
Ceresan seed treat- plants Dlack root Ddlack beets bects 
Ment ined 00 weighed pounds 
oil conditioners, section one 
150 lbs. BnS04 564 21 3.7 421 816.5 
7% * 635 33 5.1 427 819.5 
30 " borax 439 1 Os2 387 780.0 
is 518 6 1.1 417 897.5 
1000 " mineral colloids 488 18 326 384 74320 
1100 * 673 384 73320 
Seed treatment, sections two and three* 
Untreated 3975 188 4.7 2563 482565 
Treated 5083 231 4.5 2599 4893.5 


*Data taken on three feet of each inside row of each strip 50 feet from the 
ends of each section at thinning time, May 11-15. 

*Number and weight of beets from 50 feet of each inside row of each strip at 
harvest time, October 17~24, 

O04 and borax drilled with the seed. "1000" Mineral Colloids added at the 
rate of 750 pounds per acre drilled and 250 pounds per acre broadcast before 
planting. "1100" Mineral Colloids added as "1000" Mineral Colloids with 
addition of 100 pounds per acre drilled with the seed. 

“Treated and untreated seed in split plot design with six different varieties 
of beets comprising four strips of four rows each. 
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A degree of control of black root is indicated where borax was used 
at the rates of 15 and 30 pounds per acre and mineral colloics at the rate of 
1100 pounds per acre, but with all three, and with mineral colloids at the 
rate of 1000 pounds per acre, extreme yellowing of the seedlings occurred. A 
high mortality of the seedlings followed the use of borax at the rate of 30 
pounds per acre. Seedlings thus yellowed but not killed recovered rapidly 
after thinning, and within a few weeks the effect could scarcely be noticed. 
Data on yields indicate little or no damage from the use of these materials, in 
fact, the highest average yield in the plots were obtained where borax was used 
at the rate of 15 pounds per acre. The effect of Ceresan seed trontment is 


scarcely significant. 


The foregoing investivations indicate that Ceresan seed treatments, by 
increasing the unthinned stand, afford protection to the germinating seed 
against invasion of organisms in the soil immediately around the seed. Theo~ 
retically then, such fungicides, if mixed through the soil from a little below 
the seed to the surface, should protect the seedling from black root in growing 
through the soil to emergence and, perhaps, for the full duration of the sus~ 
ceptible stage of the plant. Based on this conception, experiments were con~ 
ducted in which several different fungicides with fertilizer were mixed separ~ 
ately through the surface one and one-half inch of the soil in strips approxi-~ 
mately three inches wide, into which the sced was subsequently drilled. 


New Improved Ceresan at the rate of five and ten pounds per acre added 
to the soil previously inoculated with Phoma betae in pots in the greonhouse 
gave 14.9 and 7+7 per cent black root, respectively, where 89.2 per cent 
of seedlings damped off in the checks. Formaldehyde dust and formaldehyde 
drip gave fair control of the disease. 


Under ficld conditions, Ceresan at the rate of 0.2 — New Improved 


Ceresan at the rate of 0.1 and 0.2 grams, and formaldekyde dust (6 per cent 
with charcoal as a carrier) at the rate of one gram per foot row each with 
three groms of &10-7 fertilizer per foot row wore added to the surf-ce of the 
soil in strips about three inches wide and disked in to a depth of approxinate- 
ly one and one-half inch before the seed was drilled: FormelJichyde drip, l~ 
100 solution, at the rate of i2 cc (12 grams) per foot row was tested concur~ 
rently. Zach treatment was represented by four 12-foot rows in three replica; 
tions in two widely separated plots, Results of these experiments are pre- 
sented in Table 4. 


Table 4, Field Data on Control of Black Root of Sugar Beets. Season, 1939 


New [Improved Formnldchyde Untreated 
——Pungicide used _ Veresan Ceresan dust drip check 


Grams per foot row+ Gel 1 12 
Monsen plot 


Number of plants 482 439 491 471 1469 

Black root plants 279 321 200 269 604 
Polinder plot 

Number of plants 662 673 730 636 696 

Black root plants 445 ___555 479 449 578 


Avernge of the two plots 
63.2 78.7 57.0 64.8 54.5 60-4 


ie cent black root 
e gram per foot row is equivalent to approximately 50 pounds per acres 
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There was considerable variation in the percentage of black root between 
the various treatments, but in no case was the incidence of the disease signifi- 


cantly reduced below that of the checks. 


That the failure in control of black root in the above experinents might 
have been due to the way in which the fungicides were mixed into the soil, tests 
in which these and other materials were mixed with the soil by hand were conduct= 
ed through the season. In these experiments the soil to a depth of approximate 
ly one and one-half inches in strips about three inches wide and six feet long 
was mixed in a bucket with the fertilizer and fungicide to be used. The mixture 
was then placed back into the trench left by the removal of the soil and the 
seed drilled therein. Where liquid manure was used, it was poured over the 
soil in strips about three inches wide at the rate of approximately 100 cc. per 
foot row and allowed to dry for one day before the seed was drilled. 


Ceresan and New Improved Ceresan were used at the rates of Ool and 0e2 
grams per foot row gave no control of black root and the latter either prevented 
germination or allowed but a very poor stand. Formaldehyde dust at the rate of 
one gram per foot row, and formaldehyde drip at the rate of 15 cce per foot row 
gave 10.4 and 12.5 per cent black root, respectively, whereas the checks aver 
aged 21e4 per cent. Liquid manure resulted in early emergence and very rapid 
growth of the seedlings but did not control black root. 


Three plots in which borax, hydrated lime and six per cent cemmercial 
formaldehyde dust (Formacide) were tested as to their effect on the occurrence 
of black root, were planted at different dates later in the growing seasone 
The dates on which the three plots were planted and the dates data were taken, 
were as follows’ planted July 7, data taken August 9; planted August 29, data 
taken October 33 planted September 18, data taken October 16. Data on these 
three plots are summarized in Table 5. 


Table 5. Data on the Control of Black Root of Sugar Bects, Season, 1939 


Materials used Number of Black root 
in grams per plants in six plants in six Per cent 


3-foot rows 
orax 1/2 283 
1 


" 11/2 (1 plot) 
Lime 5 
" 10 (2 plots) 
Borax-lime 1-5 
Form. dust 2 1/2 
Checks 


These tests indicate a definite depression of the incidence of black 
root by the use of borax or lime. Whether this depression was due to the fungi- 
cidal action of these naterials or to the effect on the seedlings, in the case 
of borax, or to the effect of the soil, in the case of lime, have not been con- 
sidered in these investigations. In all cases where borax was used the plants 
were yellowed and stunted, but recovered to apparently normal soon after thin- 
ning. line, especially where used in the heavier applications, seemed to cause 
the soil to dry out rapidly and the seedlings to grow slowly until sonetine 
after thinning. The most thrifty seedlings resulted from the use of formalde 


hyde dust. 


b 
B 11.6 
6e2 
104 6 5e7 
453 86 18.9 
267 10 Se? 
272 12 
352 87 21.8 
309 112 3602 
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Conclusion 


Ceresan seed treatnents apparently afforded protection during germina- 
tion fron organisms in the soil immediately around the planted sood, but there 
was no indication of protection for the full duration of the pre~energent growth 
of the seedling nor after the plants energed. 


The only materials that showed much promise of controlling the post 
energent stage of black root, with perhaps the exception of formaldehyde dust 
or formaldehyde drip, were borax or line or a nixture of these two, but the 
anount to be used and the method of applying these materials remain to de work~ 
ed out. Until some such direct nethod for controlling black root is developed, 
a system of crop rotation as herein described, together with Ceresan seed treat~ 
nent, as an insurance against better and more uniform stands, is recommended. 


BORON DEFICIENCY OF SUGAR BEETS IN THE PUGET 
SOUND DISTRICT OF WASHINGTON, 


By Leo Campbell 


Effects of boron deficiency in sugar beets have long been mown and 
have been reported from numerous beet~groving sections of the world. Various 
causes have been assigned for the disease but it was not until 1931 that its 
true nature was determined by Brandenburg. Publications of results of experi~ 
ments with boron deficiency, both under field conditions and with nutrient sol~ 
utions, since 1931 are voluminous and have left little or no doubt that the 
disease is duc to the deficiency of available boron. 


-- Symptoms of boron deficiency in the Puget Sound district are generally 
first noticed about two and a half months after planting or during the forepart 
of July or at the onset of dry weather. The first expression of the disease is 
a funnel~shaped top formed by progressive shortening of the leaves toward the 
center of the crown, and a general yellowing of the foliage . On examination 
of such plants, a black necrosis of the basal portion of the younzer leaves may 
be seene The necrosis extends up the petiole to the midrib and larger veins of 
the younger leaves as the disease develops and gradually involves the older 
leaves, on the petioles of which pimples or necrotic lesions in a ladder arrange- 
ment appear. In the final stage of the disease the young leaves and crown are 
reduced to a blackened mass, leaving only a few prostrate outer leaves intact. 
During the course of the disease the petioles, though rather flaccid, are 
brittle and easily broken off. In the later stages of the disease conspicuous, 
irregular but generally longitudinal lesions up to about one-half inch in depth 
appear on the bect near the surface of the soil, or from the crown and extend 
ing downward to as far as three or four inches in the more severe casese Where 
the incidence of the disease is high the beet field anpears yellowed from a 
distance. If the beets are amply supplied with water, either by rain or irriga- 
tion, new tufts of green lcaves arise, even from crowns that were apparently 
destroyed, and the »nlants recover, in part at least. 


Boron deficiency in the Puget Sound district is most prevalent during 
seasons of low rainfall, on higher lanis and lighter soils of low water-holding 
capacity and where the land has been limed. In sugar bect fields under such 
conditions it is not uncommon to find as high as 50 per cent and occasionally 
over 90 per cent of the plants of certain fields showing the diseasee Deficion- 
cy of available borcen is by no means restricted to the higher lands but may be 


“Published as Scientific Paper Noe 440, College of Agriculture and Agricultural 
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found in any of the better river bottom fields of this district where the soils 
are lighter or have been over limed. 


4 high percentage of the papers on boron deficiency have mentioned the 
effects of drought and over liming on the availability of boron to plants, but 
few contain recorded experimental data dealing with these subjects or attempted 
to explain the way in which these factors enhance the deficiency. Perhaps the 
most common explanations advanced are that more soluble borates are changed to 
less soluble calcium borate or that borates become less soluble by increased 


pH due to over liming. 


Soil moisture deficiency is unquestionably a determining factor in 
boron deficiency of soils, since in the Puget Sound district and according to 
literature, boron deficiency effects on sugar beets are most serious during 
seasons of low rainfall and in fields where the water-holding capacity of the 
soil is lowe Further evidence of moisture as a factor in boron deficiency of 
soils was shown when known high incidence fields were irrigated and the trouble 
prevented, and in others where affected plants recovered following the applica- 
tion of water, whereas portions of these fields not irrigated showed a high per~ 
centage of the disease. In one field where the boron deficiency disease was 
estimated at 98 per cent in 1937, complete recovery from the disease was effect~ 
ed the following year by irrigation in August after the incidence of the dis~ 
ease had closely approached that of the previous season. 


There is no doubt that overliming enhances the deficiency of available 
boron of soils and thereby increases the incidence of the disease, since in 
fields or portions of fields that were limed, plants with affected crowns were 
much nore prevalent and the effects were more severe than in neighboring fields 
of like soil or in portions of the same ficld not limed. On good river bottom 
land, up to 25 per cent the boron deficiency disease has been found in portions 
of fields where lime was used, while no more than a trace of the disease could 
be found on the unlimed portions. Experiments on the use of lime in the control 
of black root of beets indicate that boron deficiency of limed soils may be in- 
directly the result of soil noisture deficiency created by over lining, since 
the lined soils wet with difficulty, dried out very rapidly and the plants grown 
therein showed symptoms of insufficient water supplye 


In the Puget Sound district, as in others, borax properly applied has 
been shown to be a specific for this disease of sugar beets. In a field where 
the disease was serious in this district in 1937, the yield and sugar content 

of beets were increased approximately 100 per cent and two per cent, respectivo~ 
ly, by the application of 100 ccs of a 1-333 solution of borax per plant and 
all the plants promptly recovered from crown effects, as compared with untreat~ 
ed and checks to which 100 cc. of water was added. Plants to which dry borax 
was previously added failed to respond to the treatment until after a light 


rain over a month later. 


In the spring of 1938 several tests were made in which borax was broad~ 
cast at rates of 10 to 30 pounds per acre before planting, but due to drought 
the plants failed to respond sufficiently to the treatment as to give signifi~ 
cant results and the data, therefore, are not recorded here. In another plot 
where 10 to 40 pounds of borax was added as side dressings about a month after 
planting and just before a light rain, response to the treatments was definite. 
Results of this test are recorded in Table 1. 
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Table 1. Data on the Use of Borax in the Control of the Boron Deficiency 
Disease of Sugar Beets. Season, 1938. 


Fours of uged ner acre _ 10 20. 
Per cent diseases 80.0 19.0 8.8 


Yield, tons per acre“ 8.7 10.2 11.2 
Per cent of sugar in beets 9.2 13.8 13.2 
Per cent increase yield due to borax 17.2 32el 


fercent increase sugar due to borax 64,7 
430 successive plants in a row. 


*Untarred weights. 


The data in Table 1 indicate the value of borax in the control of crown 
rot, and that this value increased as the amount of borax used increased from 
10 to 40 pounds per acre, as determined by increased yields of beets and sugar. 


Data taken from the Utah~Idaho Sugar Company plot, where borax was 
added in replication with manganese sulfate and Mineral Colloids, clearly in- 
dicate the value of borax in the control of the boron deficiency disease though 
this was not considered a seriously affected field. Becmse of the lack of un- 
treated rows, the manganese sulfate and Mineral Colloids 1/ sections adjoining 
each borax section were used as checks. The data are presented in Table 2. 


Table 2. Data on the Use of Borax in the Control of the Boron Deficiency 
Disease of Sugar Beets. Season, 1939. 


Material used in Manganese Mineral 


pounds per sulfate Colloids 
pere~ 75 1000 


No. of diseased plants” 76 

Fer_cont 1.0 0.0 _12.0 19.0 

Borax and manganese sulfate were drilled with the secd. Mineral Colloids were 
added before planting, 750 pounds drilled and 250 pounds broadcast. 
umber of discased plants in 400 examined (100 successive plants of an inside 
row of each four four—row replication of each treatment). 


Some injury to the seedlings resulted from the use of borax, but the 
importance of borax in the prevention of manifestation of boron deficiency 
symptoms was significantly demonstrated. 


Several instances could be cited in which bornx broadcast up to 30 
pounds per acre had but little effect on the incidence of the discase during 
the drought of 1933, whereas, on the same type of soil, specimens of the dis- 
ease could scarcely be found during the season of 1939 of practically normal 
rainfalle On the other hand, in another field in 1937 where no borax had been 
used, the affected plants were estimated at over 90 per cont, but in the same 
field where borax was drilled with the seed at the rate of about 12 pounds per 
acre in 1939, no symptoms of the boron deficiency disease could be found though 
the plants suffered severe wilting due to the poor water-holding capacity of 


1/ Trade name for a fertilizer which is supposed to contain, in addition to 
commonly used fertilizer elements, necessary rere clements. 


0.7 Oe2 
11.5 12.35 
13.4 13.4 
38.7 41.3 
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the soil. 


Discussion 


Boron deficiency was found to be rather general through the sugar 
beet growing sections of the Puget Sound district, but most serious on higher 
lands and lighter soils of low water-holding capacity. Data indicate that 
soil moisture deficiency and overliming enhance crown rot and that the over 
liming in effect results in soil moisture deficiency. 


The disease may be controlled by irrigation, at least in most fields 
of this district, and by the proper application of borax. The amount of borax 
to be used devends on the water-holding capacity of the soil, rainfall, extent 
of liming, previous epplications of borax an¢ the time of year it is applied. 
Under most concitions sericus boron injury con be exnected if borax is drilled 
with the seed at rates of over 10 pounds per acre, and this amount can-ot be 
expected to prevent the disease on soils seriously deficient in boron. It is 
apparently safe to broadcast boron at rates of 50 or 60 nouncs per acre before 
planting and to expect to prevent disease manifestatiors except during seasons 
of drought on land that has been over limed and that is by neture of poor water— 
holding capacity. Perhaps the most effective way to add borax is as a side 
dressing at the rate of from 20 to 40 pounds per acre, depending on require~ 
ments, a month or so after thinning, providing rein can be expected soon or 
there is sufficient moisture in the soil to dissolve the borax. 


SOIL AND SEED TREATMENT EXPERIMENTS 


WITH SUGAR BEETS FOR CONTROL OF SEEDLING 


M. Me Afanasiev 
Montana Agricultural Experiment Station 
Bozeman, Montana 


The study of seedling diseases and phosphate deficiency in manured and 
non—manured rotations at the Huntley Field Station, Huntley, Montana efter 
four years of study shows that the occurrence of these diseases is closely 
associated with the procuctive power and physical conditions of the soil, 
and with the other crops in the rotations. Weather and many other factors 
also have their effect on these diseases. 


To determine the relationship between the occurrence of seedling 
diseases of sugar beets and the above mentioned factors, and also to develop 
measures for the control of these diseases, soil and seed treatment experi- 
ments were conducted during the past two years at the Huntley Field Station. 
The results of 1939 only are presented as they show the same trend as txose 


secured in 1938, 


For seed treatments, four ounces of ceresan and one ounce of new 
improved ceresan per twenty pounds of sugar beets were used. 


For soil treatments nitrogen (N), phosphates (P), manure (M) and 
Ca(OH)2 were used in the following combinations: 


Toontrivvtion from Montana State College, Agricultural Experiment Station, 
Paper No. 134 Journal Series. Abstract of paper presented at the meeting of 
the American Society of Sugar Beet Technologists, Denver, Jan. 4-6, 1940, 


le MPM 
2. HPM. In this treatmont half of the nitrogen was applied at the 
2 


time of planting and the other half ns a side dressing immediately after thine 
ninge 


3. W 
4 MNP Nitrogen was applied in the same way as in 2. 
2 


5. NP In this treatment one-third of tho nitrogen was applicd at the 
3 


time of planting, one-third as a side dressinz immediately after thinning, and 
the remaining third about a month later. 

6. MP 

To 
P 


ll. NPM 4 Ca(OH)o 
18. WP + Ca(OH)o 
13. N+ Ca(OH)2 
15. Ca(OH)o 
16. Check 


All these soil treatments were uscd in three randomized replications, 
so that altogether there were 48 individunl plots. Each plot consisted of three 
randomized rows of beets, 125 feet long. One row was planted with seeds treated 
with cereson, another with seeds treated with new improved ceresan and the third 


with untreated seeds. 


One hundred or more seedlings (in the four leaf stage) were collected 
from each row and examined in detnil for disease. At the time of harvest each 
row of bects was dug separately, tops and roots were weighed and disease read 
ings were takene 


The graph (Fig. 1) shows the amount of seedling diseases, yield and 
stand for each individual soil and sced treatment. The numbers represent the 


averages of three replications. 


The results presented in this graph show: 


I, Seed treatnents alone were found to be only slightly beneficial 
in controlling seedling discases of sugar beets. 


II. Soil treatments, regardless of seed treatments were found to be of 
great importance in the control of seedling diseases of sugar bectse 


1. Plots with the most complete soil treatments, namely NPM, N 
2 


PM, NP, WPM 4 Ca(OH)2 and NP + Ca(OH)2 had the smallest amounts of scedling 
2 


diseases, highest yiclds and stands. 
2. Although plots treated with NP, NP, and MP had fairly good 
3 


yields, they had considerable amounts of seedling diseasos, yet it is difficult 
to explain why, when all nitrogen is applied at once (NP) or divided in three 
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applications @ P) sugar beets have much more seedling diseases than when it is 


divided in two amounts (IP), in which case one half of the nitrogen is applicd 
2 


at the time of seeding and the remainder soon aftor thinning. 


Se The plots with unbalanced soil treatments (N, P or M) all had 
high amounts of seedling diseases; the yields and stands were also poor except 
for plots with nanure. 


4. Check plots had the highest amount of seedling discases, poom 
est yiclds and stands. 


5e The application of Ca(OH)p undoubtedly had a beneficial effect 
in controlling seedling diseases of beets. A cormarison of duplicate soil 
treatments with and without Ca(OH)o2 show that plots with Ca(OH)o have much 
less seedling diseases than those without it. It is possible that 0a(0H)2 
could have a beneficial effect on the physical, chemical and biological condi~ 
tions of the heavy clay-loan soil of this region and makes it nore suitable for 


nornal developnent of sugar beets. 


In conclusion it may be said that seedling diseases of sugar boets can 
be efficiently controlled and good stands and high yields of sugar beets ob 
tained by creating conditions in the soil which will promote a rapid and health- 


ful development of young sugar beets throughi— 


1. Use of complete and balanced fertilization. 
2e Improvement of the physical conditions of the soil, and 
3e To a limited extent through the seed treatments. 


SEEDLING DISEASES, PHOSPHATE DEFICIZNCY 
AND FURARIUM YELLOWS OF SUGAR BEETS IN THE 
ROTATIONS AT THE HUNTLEY FIELD STATION IN HONTANA 


M. Me Afanasiev 
Montana Agricultural Zxperinent Station 
Bozenan, Montana 


Seedling diseases of sugar beets which are commonly called "Black 
root" manifest themselves in the rot of youns beet roots. They linit the 
profitabie production of sugar beets in some sugar=beet-crowing sections of 
Montona., Phosphate deficiency is also an i:protant physiological disease of 
sugar bects, especially on heavy alkali soils poor in available phosphates. 
Fusariwi wilt or yellows of sugar beets is important only where sugar bects 
are planted continuously on the sane sround. 


During the past four years these Ciseases of sugar beets were studied 
in the sugar beet rotations at the Huntley Field Station, which is located at 
the Yellowstone Valley of Montana in the vicinity of Billings. The results of 


TContribution from Montana State Collece, Agricultural Experiment Station 
Paper Noe 133 Journal Series. Abstract of paper presented at the meeting 
of the American Society of Sugar Beet Technologists, Denver, Jane +6, 1940 
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these studies for 1939 are reported for twonty different rotationsy the list 
of which is given in Table I, The following crops are grown in these rotations? 
alfalfa, sugar beets, potatoes, oats, wheat, beans and corn. These crops are 
grown continuously and in rotations of 2 to 6 years duration. The rotations 
provide various sequences with different soil treatments. These experiments 
were established in 1912 and 1916 to obtain information concerning the most 
desirable rotations for this part of the country and to determine the value of 
alfalfa ond manure when used in rotations, where the soil is of a heavy clay~ 
loam typee The average rainfall over the twenty year period was 14027 inches 
and additional moisture is furnished to the crops by irrigation. 


Readings of seedling diseases of sugar beets were usually taken when 
the scedlings were in the 4 to 6 leaf stage. Samples of one hundred or more 
taken from each plot were carefully examined for the presence of disease. Four 
times during each growing period counts of the stand of beets and notes on all 
beets showing symptoms of phosphate deficiency and fusarium wilt were made in 
every alternate row in all rotation plots. 


TABLE I 


List of Irrigated Rotations at the Huntley Ficld Station 


Following rotations begun in 1912. 
2. Sugar Beets (continuous cropping) 
20. Potatoes, Sugar Beets. 

21. Potatoes, Sugar Beets. (Manure) 
22. Oats, Sugar Beets. 

23. Oats, (Manure), Sugar Bects. 

30. Potatoes, Oats, Sugar Beets. 

31. Potatoes, Oats, (Manure), Sugar Beets. 

32. Corn, Oats, Sugar Beets. 

40. Potatoes, Sugar Beets, Alfalfa, Alfalfa. 

42. Oats, Sucar Beets, Alfalfa, Alfalfa. 

60. Potatoes, Oats, Sugar Boets, Alfalfa, Alfalfa, Alfalfa. 

61. Potatoes, Oats, (Manure), Sugar Bects, Alfalfa, Alfalfa, Alfalfa. 

63. Corn (hozced off), Oats, Sugar Beets, Alfalfa, Alfalfa, Alfalfa (hogged off). 


Following rotations bezun in 1916. 
20. Sugar Beets (continuous cropping). Manure alternate years beginning in 
1927. 
34. Potatoes, Sugar Beets, Oats. 
35. Potatoes, Sugar Bects, Oats, (Manure). 
46. Sugar Beets, Oats, Alfalfa, Alfalfa. 
64. Potatoes, Sugar Bects, Oats, Alfalfa, Alfalfa, Alfalfa. 
In addition to these rotations there are: 
2B Sugar Bects (Manure) (Continuous cropping). This rotation was started in 
1928. 
O in Maximum Production Experiment. 
This rotation has potatoes, beets, wheat, corn, oats, beans and several 
years of alfalfa. Phosphate applied to beets each year since 1950. 
Manure was applied to all cultivated crops and alfalfc.e 


The graph for 1939 (Fiz 1) is quite typical for the general disease 
situation in suzar beet rotations since 1936, A comparison can be made in this 
graph between the amounts of diseases, the yield and the stand of sugar beets 

in each particular rotation, Also the effect of the other crops in the rotations 
on the devclopment of the diseases and how they effect the yield and stand of 
beets can be compared by studying the different rotations. 


Seedling Diseases 


All unmanured rotation plots, namely; 2, 20, 22, 34, 40, 42, 46, 60 and 
64 had considerable more seedling discases than manured plots 2B, 20 (which had 
considerable amount of secdling diseases in 1939) and plots 21, 23, 31, 35, 61, 
63 and O. The only exceptions to this were the two unmanured three-year rota- 
tions, 30 and 32 which had a small amount of seedling diseases. The soil of 
these plots which is somewhat lighter than the rest of the field possibly ac~- 
counts for this fact. These results show that manure has quite a bencficial 
effect in reducing seedling diseases and increasing the yield of sugar beets. 
It is possible that manure by increasing the vigor of susar beet secdlings males 
them more resistant to disease and it may also have an indirect effect by sup~ 
porting the development of saprophytic soil organisms which through competition 
can reduce the number of parasitic organisms in the soil. 


All rotations with alfalfa and without manure had a very high amount 
of secdling diseases and phosphate deficiency, especially so when sugar bects 
were planted immediately after alfalfa (i. e. rotation 46). It is difficult to 
explain this situation, but still several factors could be mentioned. 


le An old alfalfa ground, under the conditions of dry weather in fall 
and hard frost in winter, most of the alfalfa remnants overwinter in the soil 
without much decomposition, a situation which makes it very difficult to pro- 
pare a good seed bed. 


2. The main decomposition of alfalfa remants begins only with the 
moist warm spring weather which closely coincides with the germination and growth 
of sugar bect secdlings. Fungi aro the first soil agonts attacking nlont mat- 
erials, paving the road for bacteria and actinomycese Because most of our secd= 
ling diseases of sugar beets are caused by fungi, the condition favorable for 
the optimal development of fungi will be also favorable for the development of 
disonses, at least from the standpoint of the abundance of inoculum, Alfalfa 
ground should preferably be plowed in mid-summer, then irrigated to favor de- 
composition of alfalfa remnants during the current seasons 

3e In the rotations with alfalfa the soils are deficient in available 
phosphates, Alfalfa is a very heavy feeder of phosphates, so efter cropping for 
several years, the soil is depleted in available phosphates while at the same 
time, alfalfa leaves the soil enriched with nitrogen, which unbalances the 
ratio between nitrogen and phosphates as compared to non—leguminous cropSe 
With unbalanced and deficient nutrient in the soil, sugar beets grow slowly, 
which condition is very favorable for the development of seedling diseases. 


Phosphate Deficiency 


All unmanured plots with alfalfa in the rotations and especially those 
where beets are planted immediately after alfalfa, show the greatest phosphate 
deficiency. This may be due, not so much to an actucl phosphate deficiency in 

the soil, as in an unbalanced relationship between the very low amount of avail-~ 
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able phosphates and a surplus of nitrogen. As evidence of this beet rotations 
with alfalfa always show more symptoms of phosphate deficiency than those in 
continuous beets or in two year rotations which have a very low amount of phos- 
phates and nitrogen in the soil. Rotations with alfalfa and manure show very 


little phosphate deficiency. 


Fusarium Wilt 


Fusarium wilt or yellows occur mostly in one, two, and three year 
rotations. Threo year rotations on the lighter soils always have much wilt, 
while the four and six year rotations are practically free of wilte 


APHANOMYCES ROOT ROT OF SUGAR BEZTS AS INFLUENCED BY PHOSPHATE APPLICATION. 


By J. E, Kotila, Pathologist, and G. H. Coons, Principal Pathologist, Division 
of Sugar Plent Investigations, Bureau of Plant Industry, United States Depart~ 


ment of Agriculture. 


It is known that species of Aphanomyces, especially A. cochlioides 


Drechsler couse damping-off of sugar beets and, with older plants, death of 
lateral rootlets. These effects have been confirmed in experiments at Arlington, 


Vae, os well as in field experiments in Ohio and Michigan. Isolations made from 
sugar beet plants in which the terminal portion of the tap roots wore blackened 

and Iilled have shown that a species of Anhenomyces, tentatively assisned to A. 

cochlioides, is associated with this condition. The rotting usually extends up 

from the terminal of tho root about one-quarter to one-half of its length but 


may involve the entire root, 


General field observations had indicated a probable association of this 
disease with relatively wet soil conditions. Observations made in experimental 
plots in Michigan and Ohio, have shown that killing of lateral rootlets of the 
sugar beet, and the dwarfing of plants from this cause was prevented by applica- 
tion of fertilizers high in phosphate. In the plots in which such observations 
were made, tip rotting of the beet tap roots were absent where phosphate was ap= 


plied, but common in untreated plots and in untrented borders. 


An experinent was conducted with sugar beets grown from seed in quartz- 
sand cultures to test the protective effect of phosphate applications against 
Aphanomyces attack under conditions of optimum and high water levels. The ex 
posure was secured by uniformly inoculating gallon culture jars of autoclaved 
uartz-send plus nutrient solution five days before the seed was planted with 

(a) a pure culture of Ae cochlioides or with (b) plant debris and sand from a 
previous experiment in wkich Aphanomyces as well as other root rotting organisms 
occurrede The expcrinent was started with the nussrous seedlings obtained fron 
planting 50 seed balls in each jar and then after 46 days, each jar was thinned 
to five plants evenly spaced to be carried for an additional period of 132 days. 
The seedling at approxinately the proper distance from its neighbors which appear- 
ed most likely to live was left when the jars were thinred. For the most part, 
this thinning approximuted field practice in which the best plant in a clump 
at approximately the raght position in the row is left. 


Abundant previous experience had shown thant sugar beets could be grown 
over long periods in nutrient solution, quartzsand cultures without damping-off 
or root decay occurring. An observation sct of quartz-sand cultures ws used in 


this test. The seedlings in the check cultures without organisms remoined 
healthye At the close of the experiment plants in the check cultures wore free 
from root rote 


For each type of inoculum, half of the cultures was grown using a nutri- 
ent solution high in phosphate, and the other half was started with a nutrient 
solution without phosphate. After thinning, complete nutrient solution was oo 
casionally used with the jars in which phosphate was to be held minimal, other~ 
wise these jars received nutrient solution without phosphate. As a rule, through- 
out the experinent, 200 cc of the respective nutrient solutions were added twice 
a week to the appropriate culture jars. It was found that this amount was enough 
to bring about discharge or overflow from the jars. Tap water was added at other 
times as neoedod to prevent wilting. 


For the contrasts in water level, half of the jars for each phosphate 
condition were equipped with siphons to prevent water standing in the jars, and 
the others had 5—inch stand pipes which kept the sand in the lower portions of 
the jars nore or less water-logged. 


The cultures were grown throughout the test on rotating tables to equal 
ize light and temperature conditions, Each treatment was replicated 10 tincs 
and the results are givon as l@=culturo averages in Table 1 for the seeding 
phase. In Table 2 the results are given as suns of the 10 replicates for each 
treatment after 178 days. 


The following conclusions were drawn from the experiment: Increase of 
nortality in seedlings and in larger plants was shown in the cultures with nin- 
inal phosphate nutrition os compared with those cultures grown under conditions 
of higher phosphate nutrition. The water level relations were overshadowed by 
the mutritional effects, but some evidence is afforded that the nortality of 
seedlings is greater when water level is hich and that Aphanonyces attack on the 
tap root may be increased, 


The conditions set up in the experiment represent extremes, but are not 
entirely outside of those found in the field, Taken in connection with the 
ficld observations, they point to a definite rolationship between severity of 
Aphanonyces attack and phosphate deficiency. 


Table l. be v he ambeet seodlings 
in quartz sand cultures after 7— and 46-day exposures to 
pure cultures of Aphanomyces cochlioides and organisms from debris 
Of diseased plants?  Hizh pho te is contrasted with ninine 


cel ition t high velse 
Results given as 10-culture averages. 


| Apparently healthy 1/ 
lsugar beet seedlings 


Inoculun Water Level 

A. cochlioides (pure culture) Optinun 

doe Hi-h 
Optinun 
Hich 
Optinun 
High 
Optirun 
1/ As judged by absence of top symptoms or discolored hypocotyls. 
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1939 FIELD OBSERVATIONS OF BLACK ROOT OCCURRENCE 


By Me W. Sergeant 1939-40 
Groat Lakes Sugar Co. 


In spite of the tremendous amount of laboratory research on blackroot 
fungi, no other disease except leaf-spot (blight) causes such widespread loss 
of acreage and tonnage in the Eastern Sugar Beet Area. 


Even if we know every fungus by its first name it is still up to the 
beet=grower to know and to apply such cultural practices as will discourace its 
development and allow the crop to grow in a reasonably normal manner. 


For this reason we started a survey of infested fields in 1939 with the 
intention of carrying the stvdy along for such 2 term of years as is necessary 
to give us two basic items of information for our areca: 


le What genernl and cultural conditions are likely to produce 
blackroot? 


2. What cultural practices give the most »romise of saving 
infested ficlds? 


The results of this season's work are intcrestins but, of course, in~ 
conclusive. We are pleased to find that these observations coincide with those 
of Dre G Ee Sicgumfeldt of Copenhagen, Denmark, and that they vary in only one 
or two points from those of Dr. Coons and Dr. Kotila of the United States Depart- 


ment of Agriculture. 


Mr. Ge He. Bernheisel of the Paulding Sugar Company made an excellent 
survey of conditions causing loss of acreage in 174 fields in their district 
(adjacent to two of our districts) this year. His observations coincide with 
ours almost perfectly as far as the two cover comparable data. He finds that 
blackroot occurs in almost equal amounts in bects following corn and in bects 
following legume hay crops. He finds also that it is practically useless to 
try to crow deets after beets or beets on wet, sogsy ground. 


1939 FIELD OBSERVATIONS OF BLACK ROOT OCCURRENCE 


In Northwestern Ohio and Southern Michigan 
In 143 Fields ~ on 138 Farms in 4 Districts 


Factors Distridution Data by Fields 


Soilss Heavy 115, Light 15 
Drainage’ Good 64, Fair 37, Poor 9, No tile 5 


“Data was incomplete in some cases which causes the discrepancies in totals. 


“Fall plowing includes winter ~ up to March 15. 
““Barly ~ up to May 5, Medium ~ May 5 to 25, Late - after May 24. Late plantings 


are largely re-plantings this year. 


Fertilizers Broadcast and with seed 30, With seed only 62 
1939 = 26, 1938 12 
Preceding Corn 59, Alf. Clo. 22, Wheat 15, Oats 10 
Grops Qult.Crops 10, Beans 9, Beets 5, Soy Beans 4 
Condition of 
Clean cultivated 52, Weedy 8 


Beet Crops 1 yr.5, 2 yrse9, 3 yrse9, 4 yrsel4 (Total 37) 
‘“AiPiulfe ~ 1938 ~ 22, 1937 = 40, 1936 = 39, 1935 = 32 
Clover Crops’ 

Successive 2 yrse 12, 3 yrs. 14, 4 yrse 4 

Alf.~Cl, Crops: 


The above factors in infested fields disclose no marked variation from 
normal beet-—field conditions of this territory except for an above-average num 


ber of fields that have poor drainage or recent sugar beet history. The results 


from infested fields is shown in Table l. 
Table la—Record of infested fields saved and lost, 1939 
Noe Saved Noe Tost Saved 


First Planting 54 70 43.5 
Re~planting 6 13 S106 
Total + 143 Fields Studied 60 83 42.0 


Results of Field Treatment 


.. Where the soil was promptly worked with the disc cultivator or with the 
rotary hoe, weeder or harrow, or a combination of implements that loosen and 
perate the soil as soon as blackroot was observed, the crop was saved in a very 
high percentage of cases. 


Where wet weather prevented such work for a week or more at the time the 
blackroot was observed or when the crop was noglected or left without working 
to "outcrow the disease", practically every field was lost. 


Where the roller or cultipacker was used after blackroot was observed 
nearly every field was lost. 


In numorous cases part of the field was lost and part was saved with 
conditions identical except that the snvod portion: 


Was higher or better drained 

Had a better fertility background 
Did not have bects in 1938 

Did not have small grain in 1938 


The following exceptions and remarks applicable to the 3 districts con- 
sidered are called to attention. In three fields having both fall and spring 
plowing blaciroot was worse én the fall plowing. In four cases reporting a 
previous very heavy corn crop, blackroot was unusually bad. One bad infestation 
occurred in a field that had been 10 years in grass, never in beets. One grower 
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who loses his beets every year ty blackroot plowed 2 inches deeper this year 
and had no blackroot except where the plow was lifted at the ends of the field. 
One grower lost his beets 3 years straight on corn stubble fields. The soil is 
quite acide In one fieldman's territory every case of blackroot but one was 
overcomes Tho one lost was the only one not promptly worked. 


SUMMARY 


The data given tends to support past studies as to the bad results from 
beets too close together in the rotation and as to the value of proper drainage 
and a high level of fertility. 


This year's work indicates that the beet crop can usually be saved un 
less bad woather prevents the use of prompt, modern corrective measurese To 
date we hove learned little more than how to direct our future investigations. 
We hope that continued observations will further illuminate and define the sub- 
ject. 


ROOT-ROT SURVEY 1938-39 GREAT WESTERN TERRITORY 


By A. C. Maxsonl/ 


The 1938 and 39 surveys covered 1482 fields infected with some form 
of rooterot exclusive of seedling rots (dlack~root) and the rot associated 
with phosphate deficiency (black heart). 


The diseases recorded were: 


Disease % of total cases 


Rhizoctonia 
Fusarium 

um 
Unidentified 


The rooterot caused by Rhizoctonia is the only one considered in 
this report. In this study alfalfa, potatoes, beans, cabbage, peas, and 
sugar beets were classed as hosts of Rhizoctonia. Small grains, sorgnum and 
cane crops and corn are considered non—hostse 


Combining the years 1938 and 39, the rolation of the cropping scheme 
to the damage (estimated) caused by Rhizoctonia was determined for host md 


non—host cropse 


Where from one to four host crops preceded the sugar bect crop the 
damage wes 4e84%, When the same number of non-host crops preceded the sugar 
bect crop the damage was 4.41%, 


One or more successive beet crops preceding the one studied resulted 
in a loss of 504%. The same number of other host crops preceding caused 
an estimated damage of 4.184%. 


i/In charge Experiment Station, Great Wostern Sugar Companye 


75437 
21.425 

0.61 
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These figures indicate a positive relation between host crops in 
general and damage caused by Rhizoctonia root-rot. They also indicate a 
closer relation cetween sugar bects as preceding crops and the occurrence 
of Rhizoctonia than between this disease and other host cropse 


A comparison of small grain and corm show the latter to be more 
effective in reducing Rhizoctonia than the former. Ono or more successive 
small grain crops were associated with a damge of 4.52%, while a like 
number of successive corn crops resulted in a loss of 4.07%. 


The preceding loss figures are small and the differences are also 
small, however, we believe that thoy indicate real tronds and suggest 
cultural means of reducing losses due to Rhizoctonia rooterot. This belief 
is based on the fact that similar relations are indicated year after year 
in these studies, 


BORAX AS A CONTROL FOR HEART ROT OF sUGAR 3Errs! 


Ry Le Cook” 


Heart rot of sugar beets was first attributed to an insufficient supply 
of soil boron by Brandenburg (1) of Germany in 1931. For years prior to that 
date the disorder had beon classed as a disease and many attempts had been made 
anong Buropean investigators to isolate the causative organism. 


Since Brandenburg's experiments were reported, other workers both in 

Europe and in this country have verified his findings that heart rot is caused 
by a deficiency boron. Kotila and Coons (4) reported the presence of heart rot 
in Michigan bects in 1935. A study of symptoms of the disorder and the results 
of preliminary field surveys and experiments were reported by the author (2) in 
1937. Since that date many Michigan farmers have learned to recognize heart 
rot, and some state that they have experienced losses from this cause for many 
yearse It is the purpose of this paper to report further progress in the ex 
periments performed to determine the effectiveness of borax as a control for 


heart rot of sugar bects. 
Occurrence and Symptoms of Boron Deficiency 


For the benefit of those not acquainted with the break down of sugar 
beet tissue caused by an insufficient supply of boron, it seems advisable to 
briefly review the subject from the standpoint of soil characteristics on which 


the disorder occurs and plant symptoms exhibited. 


{Contribution from the Soils Section, Michigan State College, East Lansing, 
Michigane Authorized for publication by the Director as Journal Article . 
Noe 422 neSe Of the Michigan Agricultural Experiment Station. 
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The results of surveys conducted during the last three years show that 
heart rot occurs more often on the rolling Miami loam, silt loam, and clay loan 
soils than on the level Brookston soils of similar texture. Furthermore, it has 
been found that occurrence on the rolling soils is usually confined to the higher 
places in the fields. On the level soils, where sugar beets are commonly grown 
in Michigan, signs of boron deficiency occur most often in areas of lighter tex 
ture and higher organic matter content, or in areas underlaid by sand and gravel 


fairly close to the surface, 


These places of heart rot occurrence indicate that leaching has some 
influence on the supply of boron in the soil, Chemical tests, however, have 
failed to reveal low percentages of boron: in the areas where sugar beets have 
suffered from lack of the element. This is an indication that leaching has 

the effect of quickly removing the available boron as it is released from the 
minerals by weathering and that it is not effective in rapidly reducing the 
total boron content of the soil, This seems to be a logical conclusion, because 


boron minerals weather slowly. 


Chemical tests show that heart rot occurs more often on alkaline than 
on acid soils and that the positive correlation exists between heart rot occur~ 
rence and the active calcium content of the soil. The results of these oxperi~- 


ments have been recently presented for publication. (3) 


The first signs of heart rot appear in July or early August, in ex 
treme cases, and later in areas where the supply of available boron is somewhat 
greater. Leaf symptoms are first noticed. The blackened and checked petioles 
are positive signs of heart rot. Shortened and twisted petioles and large num 


bers of small leaves are also reliable signs. 


4n insufficient supply of boron results in a break down of the tissue 


in certain portions of the plant. In the sugar beet the death of the growing 
center of the crown and the production of such beets has resulted in the name 
heart rote later in the season some beets send out a large number of leaves 

from around the edge of the crown. These leaves may die or they may continue 
to grow until harvest time when they practically cover the dead hearte 


All sugar beets suffering from an insufficient supply of boron do not 
exhibit the same symptoms of deficiency, Some show leaf symptoms only while 


others suffer break down of the root tissue. 


In occasional ficlds individual beets afflicted with heart rot are 
found well scattered among healthy beets but usually the disorder occurs in 


patches varying in size from a few square yards to an acre or moree In one 
case the soil is an alkaline sandy loam containing 14 per cent organic natter 


and underlaid by a layer of sand at a shallow depth. These conditions appear 
to be ideal for the development of heart rot. 
EXPERI 
Pot Culture Experinents 
In the study of boron deficiency symptoms the use of pot cultures has 


proved to be very valuable. By the use of a screened room, without glass and 
adjacent to the greenhouse, it is possible to grow plants in season under fairly 


constant conditions. 


Plan of Pot Cultures—Sugar beets were grown in two gallon glazed 
earthenware jars, each filled with 8 kgm. of Thomas sandy loan. Treatments 
were replicated six times. Three sugar beet plants wore transplanted into oach 
pot soon after emorgence from the quartz sand in which the seeds were germinated. 
The six control pots were then treated with a complete nutrient solution. The 
effect of copper, manganese, boron, and magnesium on the development of sugar 
beets on this particular soil was determined by omitting, in turn, each of the 
elements fron the nutrient solution. The effect of doubling each of the first 
three elements was also studied. The treatments in this experiment are listed 
in Table 1. The moisture content of all the cultures was kept uniform by fre= 
quently bringing them up to weight by additions of distilled water. 


t shown by the data presented in Table 1, all the plants grown in 
cultures without boron were affected with heart rot while all cultures which 
received boron in the nutrient solution produced healthy plants. The elinina- 
tion of the other elements from the nutrient solution had no effect on the dew 
velopment of heart rot. 


As further indicated by the data presented in Table 1, boron apvlied as 
borax at the rate of 10 pounds per acre, increased the yield of roots fron 46.7 
gens. to 90.4 ems. per pot and the yield of tops from 109.0 gens. to 131.4 gs. 
per pote The sucrose content of the roots was increased fron 15.4% to 17.0%. 
4s shown by the analysis of variance these differences are significant to the 
1% point in the case of yiclds and to the 5% point in the case of sucrose cor 
tent. No significant difforences in yields or sucrose content were obtained 
by elininating any other nutrient element or by applying double quantities of 
any element. In fact, tasre was a slight indication that 20 pounds of borax 
per acre actually reduced the yield of roots below the yield obtained as a 
result of the control treatment. 


Field Experiments 


Before recommendations may be made regarding the field use of such a 
material as borax, it is necessary to try out the material by means of field 
experiments. The experiments discussed in this paper were started in 1936 and 
have been continued since that date. During the first two years it happened 
that heart rot did not occur on any of the fields in which the experiments were 
located, but in 1938 and 1939 better luck was experienced in locating the ex» 
periments and the results of those tests are presented in tho following pages’ 


Field € n he field experiments were so planned that informa~ 


tion would be obtained as to the quantities of borax necessary to control heart 
rot on different soils and as to the quantities which might be applied without 
injuring the beetse Quantities of borax ranging from 10 .to 80 pounds per acre 
were applied broadcast and in contact with the seed. In 1939 the heaviest rate 
of application was made in a band beside the seed. In all of the experiments 
the beets were uniformly treated with 2~12~6 fertilizer. The borax was applied 
with the fertilizer, All plats were arranged in randomized blocks with treat- 
ments replicated from four to six times. 


5 § Yi Experiments with several crops havo shown 
great variability in the quantity of borax which may be applied without causing 
injury to germination or decreases in yields. Sugar beets are not easily in- 
jured. Stand counts made after the beets were blocked showed that during the 
three years 1937 to 1939, borax applied broadcast at rates up to 80 pounds per 


acre had no effect on the stand of sugar beets. Stand counts on the broadcast 
experiments are not presented but the data presented in Table 2 shows that in 
1938 yields were not reduced by the heaviest applications of borax. Zxperiments 
were performed on eight fields during the three years. The soils varied widely 
in pH and percentage of organic matter and in texture from sandy loam tc silt 
loame Further reference to Table 2 reveals a trend toward increased yiclds as 
a result of borax applications. The heaviest application on the Miami soil and 
the 20 to 80 pound applications on the Napanee soil apparently increased the 
yields by 1.0 to 1.1 tons per acre, and while, according to the analysis these 
increases were not significant, they come so near significance that it is boliev- 
ed significance would have resulted if the errors of the experiment could have 
been better controlled. 


Where borax was applied in the row, significant differences in stand 
were Obtained. As shown by the data presented in Table 3, as much as 40 pounds 
of borax was applied with the seed on Brookston soil in 1938 without injury to 
stand, but on Napanee and Miami the 40 pound application significantly reduced 
the stand. In no case was there an injury as a result of the 20 pound applica~ 
tions The weather conditions during the season of 1938 were favorable for the 
growth of sugar beets. There was plenty of moisture during the early part of 
the growing season, which probably accounts for the fact that injuries from high 
applications of borax were rather slight. 


During the season of 1939, the rainfall varied considerably in different 
parts of the sugar beet area. The Miami soil was very dry for a considerable 
period after planting. This is reflected in the stand counts recorded in Table 
4, All applications of borax caused significant reductions in stand on this 
soile On the Napanee soil only the 80 pound contact treatment injured the stand. 
On the Thomas soil injury resulted from applications of 40 pounds per acree On 
the Onaway and Posen soils, located in the Upper Peninsula of Michigan, signifi- 
cant injury occurred with the 20 pound application on the Onaway soile These 
1939 data illustrate very nicely the variability in results which may be obtain- 
ed on different soils during the same senson. 


It is interesting to note the difference between the stand counts 
obtained from contact and side band applications. On two of the soils, 80 
pounds of borax in a band 14 inches to the side of, and 1 3/4 inches below the 
seed had no effect on stand while the same quantity of borax with the seed re- 
duced the stand to about one-third that of the control. It seems that the ad 
visability of side band placement of fertilizer will be greater when borax is 
included in the mixtures. 


As shown by the data presented in Tables 5 and 6 borax applied in the 
row reduced the yields in cases where the applications were heavy. In general, 
the reductions in yields correspond to injuries in stand. There were exceptions 
to this in 1939 when the 10 and 20 pound applications on the Miami soil reduced 
the stand but did not significantly lower the yields. The same was true in the 
case of the 20 pound application on the Onaway soil. On the Thomas soil a sig- 
nificant drop in yield occurred as a result of the 20 pound application although 
the reduction in stand was not significant. 


There were no significant increases in yield as a result of applying 
borax in the row. On some of the fields increases in yield did occur with the 
lighter applications. On the Onaway and Posen soils in 1939, heart rot was 
quite prevalent and in both cases, as shown by the data in Table 6, the areas 


treated with 10 pounds of borax yielded more than did the control areas but the 
increases in yield were not large enough to be significant. Very good control 
of heart rot was obtained by the use of borax on these areas and it would seem 
that greater increases in yield should have resulted. Perhaps bettor results 
would have been obtained from a still smaller application. This is doubtful 
however since in only one case was tho stand injured by the 10 pound rate. In 
a large number of fertilizer experiments with sugar bects, conducted at the 
Michigan Station during the past six years, it has been impossible to keep the 
errors of the experiments below a figure approximately equal to 10% of the total 
yields. Much of the error probably is duc to soil differences, although great 
care has been exercised in selecting fields with uniform soil. Perhaps it is 
too much to suppose that, except in extreme cases, borax should increase the 


yields as much as 10%. 


The fact that such increases may be obtained in extreme cases is illus 
trated by the results obtained from a sidedressing of borax, made on June 29 on 
Thomas sandy loam soil. An application of 9 pounds of borax per acre on this 
area where heart rot was particularly bad resulted in a very significant im 
crease in yield. As shown by the data presented in Table 7, the yield of all 
beets was increased from 43.8 pounds to 62.8 pounds per plat while the yicld of 
nornal beets was increased from 10.0 to 23.8 pounds per plat. If the borax had 
been applied at planting time, the increases in yield would have been even great= 
er. This seems certain because on soil taken from this same area and placed in 
pots in the greenhouse an application of 10 pounds of borax completely prevented 
heart rote This experiment has already been described. The application made 

in the field on June 29 was too late to prevent the appearance of heart rot on 
many of the plants and it is believed that the help from the borax came mostly 
through the recovery of the already affected plants. Past work in the green~ 
house has shown that beets affected with heart rot will completely recover if 
borax is applied before the breakdown of tissue is too far advanced. 


Effect of Borax on Heart Rot Occurrence~~As indicated by counts made of plants 


showing heart rot symptoms, borax has been very effective in controlling this 
disorder. As shown by the data presented in Tables 8, 9 and 10, all applice- 
tions of borax, 10 to 80 pounds per acre, reduced the number of bects showing 
heart rot symptoms significantly below the number reported for the controle In 
only one case, that of a broadcast application on the Napanee soil, was there a 
significant difference between the counts obtained on the plats treated at the 
rate of 10 pounds per acre and on one receiving oa heavier applicatione That 
would indicate that 20 pounds was enough to apply in any case whether the appli-~ 
cation was to be made broadcast or in the row. As already mentioned there is 

& possibility that fairly good control could be obtained with less than 10 


pounds per acre applied in the row. 


The Effect of Heart Rot on Sucrose Content and Purity——The profit from an appli-~ 


cation of any fertilizer to sugar beets may come through larger yields or through 
an increase in sugar percentage, As already reported, large increases in yield 

from a few pounds of borax can only be expected in extrome casese It is believe 
ed, however, that the sugar content will be appreciably increased wherever borax 
is effective in preventing the occurrence of heart rot. 


This belief is the result of the dnta reported in Table 11. For three 
years, attempts were made at the Michigan Station to find out whether or not an 
application of borax would affect the sugar content and purity of sugar beets. 
Samples were gathered at random from treated and untreated plats, without re~ 
gard to heart rot symptoms. This was perhaps an inaccurate way of taking sam 


ples as it seems only logical that borax could only affect the sugar content of 
those bects which would, without the treatment, have developed heart rote It 
is impossible to predict with certainty whether or not any particular beet will 
develop heart rot so another method of approach was adopted in 1939, 


The beets from an area where damage from heart rot was severe were 
divided into three lots, those which did not have symptoms of heart rot, those 
which had symptoms only on the leaves and those which had root symptoms as well 
as leaf symptoms. Six samples of each of these lots were taken fron two differ=- 
ent soils. As shown by the data (Table 11) the boets with heart rot contained 
significantly less sugar than did the normal beets. Further, the beets with 
symptoms on both leaves and roots contained less sugar than did those with only 
leaf symptoms. This difference was significant in one goil.e These results 
would indicate that the occurrence of symptons on both leaves and roots is an 
indication of an advanced stage in the tissue breakdown. 


4 significant drop in the coefficient of purity was also found in beets 
grown on the Thomas soil. Normal beets showed a purity of 85.4% as comered 
to a purity of 76,4% in beets with both types of symptonse 


It has already been shown by the data reported in Table 1 that borax 
applied to pot cultures completoly controlled heart rot and increased the sucrose 
content of the beets fron 15.4% to 17.0%. 


Discussion 


It is believed that sufficient data have been reported to prove that 
an opplication of a few pounds of borax per acre may be expected to prevent the 
occurrence of heart rot in sugar beets either in the field or in the groenhoure, 
Fron greenhouse experinents in which it is believed that at least certain errors 
nay be better controlle”. than in the field, and from field trials on areas where 
heart rot was severe, the conclusion nay be drawn that in cases where heart rot 
is prevented by borax epplications, yields will be increased as a result of the 


treatnent. 


Even in areas where heart rot is less severe, it seems logical that 
borax should increase sugar beet yiclds. In the experimental work presented 
in this poper the increases were statistically insignificant but it is believed 
that actual increases in yield would have been shown if it had beon possible to 
control the experimental errors more closely. It is plainly evident that o beet 
which suffers tissue breakdown and a drop in sugar percentage as the result of 
a lack of boron, cannot possibly produce the sugar which it would have produced 
had it remained healthy. 


At the sugar factories it is necessary to store sugar beets in large 
piles for varying lengths of time. Smith (5) has stated that only sound healthy 
beets should be placed in these piles. In many cases the tissue breakdown caus—- 
ed by boron deficiency is followed by rot resulting from the entrance - sone 
organism. Such roots would be unfit for storage in large piles. 


Summary and Conclusions 


Sugar beets, grown in Thomas sandy loan pot cultures, were supplied with 
@ complete nutrient solution as a control treatnont. Copper, manganese, nag~= 
nesiun, and boron were separately omitted from, and doubled in quantity in, the 
control treatment solution to ascertain the effect of each of these elements on 


the developnent of the sugar beet plant. 

During the years 1937, 1938, and 1939 field experiments were conducted 
in 10 ficlds located on 6 different soil types, Borax, included in 212-6 for 
tilizer, wes applied broadcast and in the row at rates ranging from 10 to 80 . 
pounds per acree In one expcrinent borax was applicd as a sidedressing. The 
effect of heart rot on sucrose and purity percentages was determined by colloct~ 
ing samples from fields not included in the oxperinents. 

The results fron these experiments may be summarized as follows’ 

1. Borax, applied to Thomas sandy loam pot cultures at the rate of 

10 pounds per acre, prevented heart rot, practically doubled yiolds, 
and significantly increased the sucrose content of sugar beets. 

2. Copper, manganese, and magnesiun did not prevent heart rot nor 
affect the yield and sucrose content of sugar beets. 

Se Borax applied broadcast, in the field, at rates as high as 80 
pounds per acre did not injure stands nor reduce yieldse 

4 Borax opplied with the seed at tho rate of 10 pounds per acre 
injured the stand on one field in 1939 but did not affect the 
stand on seven other fields in 1938 and 1939. 

5. As much as 40 pounds of borax per acre applied in the row did not 
reduce the stand of beets on some soils. 

6 Borax applied in a band to the side but not in contact with the 
seed was nuch loss harnful to stand than was borax applied with 

-. the seed. 

Ve Borax applied broadcast or with the sced did not significantly 
increase sugar beet yiclds. It is believed that significance 
would have resulted in sone cases had it becn possible to better 
control experimental errors. 

8. Borax applied as a side dressing on an area where heart rot was 

‘vory severe significantly increased total sugar beet yiclds and 
more than doubled the zield of normnl bects. 

9. Borax applied in the row at the rate of 10 pounds per acre alnost 
completely prevented heart rot occurrence. Broadcast applications 
at the sane rato were somewhat less effective and on one field the 
20 pound application produced significantly better results than did 
the XO pound application. 

10. Sugar beets having heart rot contained less sucrose than did nornal 
beets, 

ll. On one field, the sugar beets having heart rot had a lower por 
contage purity than did normal beets. 


Brandenburg, E., Einige gevallen ven physiologische ziekton 
der bieten Medeleelingen van het institut vor suikker 
bretenteelt. Aflev. 4, 1-4, pp. 89-104. 1931. 


Cook, 2, Le, Boron deficiency in Michigan soils. Proceedings, 
Soil Science Society of Anericns 2, ppe 375-382. 1937. 


Cook, R. Le, and Millar, C. E., Sone soil factors affecting 
boron availability. Proceedinzs, Soil Science Society 
of Anericae 1939, (In Press) 


Kotila, Je E., and Coons, G. He, Boron deficiency disease 
of beets. Facts about Sugar. 30, ppe 373-376. 1935. 


(5) Snith, R, J., Sugar losses in beets in storage. Paper presented 
at the 1940 meeting of the American Society of Sugar 
Beet Technologists. 


Table 1. The effect of borax on heart rot occurrence and the yield and sucrose 
content of sugar bects in Wauseon sandy loan pot cultures. 


Greon weicht | Suerose 


per pot ! content 
of 
Treatnent __ Tovs roots” 
Per cent ' grans Per cent 
131.4 


145.0 


Complete nutrient (control) 

Complete nutrients, less copper 0 

Complete nutricnts, double copper 0 139.8 
Complete nutrients, less manganese 0 - 120.0 
Complete nutrients, double manganese} 0 135.6 
Completc nutrients, less boron ; 109,0* 
Complete nutrients, double boron 0 136.6 
Complete nutrients, less nagnesiun | 0 133.5 


on 
Difference required for significance 18.3 
F 


F (1% point 3e22 | 


i 


*Significantly less than control 

lYields are averages of six replicates 

2For sucrose determinations it was necessary to combine the roots fro: three 
pots. The porcentages then represent duplicate samples. One nissing figure 
was supplied. 
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REFERENCES 
| Plants 
i 16.0 
| 16.4 
| 16,45 
| 1663 
15.4” 
1703 
| 
1.06 
5.64 
3.80 
7.02 
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Table 2. The effect of borax applied broadcast on the yields of sugar beets 
in 1938. 


| Yields + Tons per acre. 
'__Avernges of four replicates. 

Treatment in addition ' 

No borax (control) 667 9.8 

10 Pounds borax before planting 6.9 10.5 

20 Pounds borax before planting 6.5 10.9 

40 Pounds borax before planting 7el 10.9 

80 Pounds borax before planting 767 10.8 


Difference required for significance 1.23 1.29 
F (5% point) 3.26 3e26 
¥ (1% point) 5.41 5.41 


Table 3. The effects of borax applied in the row on the stand of sugar 
beets in 1938. 


Plants por 200 feet of row 

. Averages of five replicates _ 
Treatment in addition Brookston ' Napance Miani 

__to 212-6 fertilizer silt lonm loam silt loam 
No borax (control) 161.4 ; 172.8 179.0 
10 Pounds borax with seed 182.0 '  =-:172.8 17306 
20 Pounds borax with seed 192.8 171.4 165.6 
40 pounds borax with seed! - 171.0 151.8* 102 .8* 
80 Pounds borax with seed 131.0* : 112.0* 40,4* 


Difforence required for i 

significance 14.5 3204 
fF 29.60 26274 
F (5% point) ia 3.01 3.01 
(1% point) 4.77 4977 


*Significantly less than control. 
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Table 4. The effect of borax applied in the row on the stand of suger beets 
in 1939, 


to fortilizer niy 2 
No borax (control) 164.8 | 250.4 | | 160.4 
10 Pounds borax with seed 191.2 | 216.0 162.2 
20 Pounds borax with seed 186.9 | 204.4* 1354 
40 Pounds borax with seed 160.8 110.0* 
80 Pounds borax with seed 64.8* 52.6% 
80 pounds borax with side band 163.4 155.4 


Pl et of row 
Treatment in addition Neapane | Onaw. 'Thoras* 
1 


| 
Difference for required H 
significance 20.1 | 32.88 | 2509 
| 


F | 45.7 6.34 | 22.64 
F point 2.60 | 2.71 5.14 2060 
F (1% point 3.86 | 4.10 10.92 | 3.86 


_taverages of 6 replicates 42~12—6 on Miami, Napanee, and 


2Five replicates. Thomas, and 2-16=8 on Onaway and 
3¥our replicates. Posen soils. 


“Significantly less than control. 


Table 5. The effect of borax applied in the row on the yield of sugar bects 
dn 1938. 


Yield — Tons per acre. 


__<Averages of five roplications. 
Treatment in addition , Brookston ‘Napanee | Miani 


| 
No borax (control) 13.3 | 


10 pounds borax with seed 13.9 
20 pounds borax with seed 14.0 
40 pounds borax with seed 13.1 
80 pounds borax with seed 8.9" 


Difference required for significance 1.23 
F 26.40 


point) 3.01 
1% point) 4.77 


*Sienificantly less than control 


i oan | si 

12.2 5.8 

12.0 5e4 

12.9 | 5.6 

109% | 4&2 

; 16.05 12.83 
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Table 6. _ effect of borax applied in the row on the yield of sugar bects 
1939. 


Yield = Tons per Acre. 


Averages of six replicates. 
Treatment in addition Miami i Napanee Onaway 'Posen sandy 


Isilt loam iloam jloam [silt loam _ 
No borax (control 6.2 9e17 14.5 


10 pounds borax with seed 9 6.7 9,67 12.6 
20 pounds borax with séed 6.3 10.9" 
40 pounds borax with seed 03” 11.6* 


80 pounds borax with seod e21* 6.7* 
80 pounds borax in side band o5* 


Difference required for | 
significance 0.6 


13.1 


2.82 136435 
¥ (5% point) | | 5.14 2.60 
F (1% point) 4.10 (10.92 [99633 ! 3086 
“WSignificantly less than control 

1 2—12~6 on Miami, Napanee, and Thomas and 2~12—8 on Onaway and Posen soils. 


Table 7. The effect of borax applied as a side dressing on the yield of sugar 
beets in 1939, 


Yield =» Pounds per plat. 
x replicates. 


Treatnent in addition 


bects 
No borax (control) 10.0 


9 pounds borax beside row 23-8" 


Difference required for significance 4.37 
F 66.10 


F (5% point) ; 6661 
F (1% point) 1626 
Significantly greater than control. 


Table 8 The effect of borax applicd broadcast on the occurrence of heart 
rot in sugar beets in 1938, 


, Number of beets per 200 foot of row 
Showing hoart rot 
Treatment in addition 


No borax (control) 


10 Pounds borax before planting 
20 pounds borax before planting 
40 pounds borax before planting 
80 pounds borax before planting 


ee required for significance 


He: 


1% point 


, significantly less than control. 
**Sienificantly less than control and 10 pounds borax. 


| 
: 12,3 8028 
1.0* { 17,5* 
| i 4,3* 
263" 2e3* 
} 729 | 
3.98 158.10 
3.26 3e26 
5.41 5.41 


Table 9. The effect of borax applied in the row on the occurrence of heart 
rot in sugar beets in 1938. 


Number of beets per 200 fect of row 
showing heart rot symptoms. 
Treatment in addition 


No borax (control 


10 pounds borax with seed 
20 pounds borax with seed 
40 pounds borax with secd 
80 pounds borax with seed 


Difference required for significance 
F 

(38 point) 

F (1% point) 

“Significantly less than control. 


Table 10- The effect of borax applied in the row on the occurrence of heart 
rot in sugar beets in 1939. 


Nunber beets per 200 feet of row 
showing heart rot symptoms. 
Treatment in addition ve s of f icatecs. 
2— izer. Posen loan 
No borax (control 65.5 
10 pounds borax with seed 10.08 
20 pounds borax with seed 320" 
Difference required for significance 19.0. 
38474 
F point) 5el4 
F (1% point 10.92 


‘WSignificontly loss than control. 


Table 11, The effect of heart rot on the sucrose content and purity of 
sugar beets in 1939. 


Percentage sucrose and purity. 
f 
Condition of beets Thomas _s: 

Normal (control) 16.40 | 89.75 
Leaf symptoms only 14,.51* 89218 
Leaf and root symptoms 11.38* | 89962 


Difference required for significance. 1.48 1.91 
| 26.82 1.13 
F (5% point) | 3.68 | 19,42 
F (1% point) | 6.36 99938 
"Significantly less than control. 

Some of the sugar determinations were made by F. R. Bach of the Michigan 
Sugar Company. 
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Section D, Sugar Beet Insects ~ Chairman: C. R. Jones 


APHIDS AFFECTING SUGAR BESTS 
By Miriam A. Palmer 


Aphids are peculiar in both life cycle forms and in their structural 
characterse It therefore seems necessary to make a few preliminary explana~ 


tionse 


The life cycle is peculiar in that the method of reproduction, the 

form of the adult, and often the choice of hosts, varies with the seasonse The 
winter is typically passed in the egg. From the egg, in the spring, is hatech- 
ed the stem mother or fundatrix which form is wingless and starts the colonies 
of summer forms. The stem mother is agamic or parthenogenetic, is Ge, reproduc— 
ing without fertilization of eges by sperm cells from a male. Her method of 
reproduction is also viviparous which means bringing forth young alive instead 
of laying eggs. Her progeny are called summer viviparous females, either winged 
or wingless, and are also parthenogenetic like the stem mother. There are num 
erous generations of this form thruout the summer, as it takes only about ten 
days for development to maturity. In the fall appear the sexuales, or true 
females, typically wingless, and males, either winged or winglesse Reproduc~ 
tion is now sexual and oviparous, The females, after fertilization by the 
males, lay the eggs and seon afterwards both males and females die. The eggs 
lie dormant till spring when they hatch, producing the stem mothers. 


The choice of hosts varies in different species. Some kinds of aphids 
will feed on only one species of plant and remain thereon thruout all seasons 
of the Year. Other species have winter hosts, also called primary hosts, and 
sumer or secondary hosts. The eggs are laid on the winter host and this is 
always some perennial plant, usually woody. The placing of the eggs on this 
plant necessitates the presence of also the sexuales and since the females and 
often also the males are wingless, fall nigrants must fly to the winter host 

to give birth to the females and possibly also the males, The stem nother 
hatching from the eggs, does not acquire wings and therefore not only developes 
on the winter host, but deposits the first summer generation there. Her des=- 
cendants either in the first generation or gradually thru two or three genera~ 
tions, eventually come to consist of all winged individuals which fly away to 
the summer or secondary hosts. The sumer hosts are usually herbaceous plants 
and one kind of aphid may accept quite a variety of plants. If the sumer host 
is able to live thru the winter in protected locations out doors, or in warn 
clinates, or in greenhouses, summer forms may rennin on this host and reproduce 
there thruout the year, either with or without producing fall migrants to fly 


to the winter host. 


Aphids belong to the sucking insects, They feed not b7 biting off 
pieces of the plant and chowing them up like grasshonpers, but by piercing the 
surface of the plant and sucking up the sap. The mouth parts are of the nature 
of a beak which contains slender bristles which penetrate the tissues of the 
plant and form a tube thru which the sap is drawn into the alimentary canal. 


The family ef aphids is distinguished from é6ther insects by wing vena- 
The antennal joints are never 

&phids generally possess also certain peculiar struc- 
The cauda is a tail-like projection at the 


tion amd number and shape of antennal joints. 
more than six in number. 
tures, namely cauda and cornicles. 


tip of the abdomen. It varies in size and shape in different species. The 
cornicles are openings varying in shape from a mere pore to long tube~like 
structures, situated one on each side of the posterior part of the abdomen. 
These structures were formerly supposed to secrete the honey dew which is the 
sticky substance found on the leaves about and below aphid colonies, and is 
eagerly sought by ants. The honey dew, however, comes not from the cornicles 
but from the tip of the abdomen and is excreted from the alimentary canals 

That this is what the ants are taking and that they are not milking the cor 
nicles or feeding from them can be easily observed by watching with a hand lens 
the activities of ants in a colony of aphids. 


There are three species of aphids which attack sugar beets, vize, the 
sugar beet root~louse (Pemphigus iferae Williams or Pemphicus betae 
Doane); the black beet~seed louse (Aphis rumicis Linn.) and the green peach 


aphid (Myzus persicae Sulz). 


The sugarbeet louse attacks the roots of the beet, using the beet as 
a summer host. The winter host is the narrow-leaved cottonwood Eopulan 
augustifolia) also possibly the balsam poplar (Populus balsamifera). The eggs 
are laid on the bark and from these hatch the stem mothers in the spring. The 
feeding of the stem mother.and her progeny on the upper side of the leaf next 
the midrib close to the petiole causes a depression to form in the leaf which 
developes into a pocket-like gall which projects on the underside and encloses 
the colony of aphids. The gall opens on the top surface of the leaf along the 
midrib, but the edges of the opening remain closely pressed together till the 
first of the progeny become mature. The outlet of the gall then opens, allow- 
ing the escape of the winged lice, the spring migrants, of which there are 
eventually a hundred or more from a single gall. These winged females are 
black om head and thorax and dusky green on the abdomen. They fly to beets 
and rclated plants, crawl into the ground, and there deposit living young on 
the roots of the plants. Many senerations of wingless lice are produced thru- 
out the rest of the summer. These aphids are pale yellow, two millimeters lonz= 
and covered with white threadlike waxy secretion. About the end of August 
winged aphids again appear, similar in color to the spring migrants from the 
galls. These are the fall migrants. They leave the beets, flying back to the 
narrow-Leaved cottonwoods, where they deposit their young on the bark. These 
young develop into the sexuales. The females are yellow in color and much 
smaller and more slender than the viviparous forms. The males are darker yel~ 
low and still smaller than the females, barely visible to the naked eye. After 
copulation with the males, the femaleslay each a single egg, nearly as large as 
their bodies and then crawl away to die. The eggs remain on the bark unhatched 
until spring when the leaf buds start to open. 


Injury to the beets consists in yellowing, shrinking and stunting the 
plants in proportion to the number of aphids present. 


Control mostly recommended is irrigation at the time the spring migrants 
are arriving from the cottonwoods. This time will vary according to latitude 
and lateness of season; in the vicinity of Denver it is usually from Jume ll to 
20. Wet soil discourages aphids while dry soil encourages them. Rotation of 
crops does little good since the hibernating aphids in the soil are usually of 
little importance in the next years infestation. Cutting out of narrow-leaved 
cottonwoods in the vicinity of beet fields should be quite helpful. 
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The green peach aphid appears on the leaves of the beet, especially 
on the undersides. The aphids are hardly two millimeters long and pale green 
in color; winged ones also with black patc on back of abdomen, as seen with 
a hand lens. The primary or winter hosts are the peach and plum trees and the 
eggs are laid on the bark of these trees. The little stem mothers hatch just 
before the buds open and may be nearly mature by the time the blossoms appear. 
At first they are dark green but when fullgrown the color is apple~green to 
deep pink, matching the color of the blossoms. Lenrcth of stem mothers is two 
millimeters. The lice feed on the leaves causing them to curl and twist very 
badly. The progeny of the stem mothers contain some winged forms which leave 
the peach for the summer hosts, which are various herbaceous plants besides 
beets. This migration from peach and plum begins about March 23 and ends about 
June 15 in the vicinity of Ft. Collins. These winged spring migrants start 
colonies on the beet leaves, each female producing six to eight living young a 
day. As only about ten days is required for development to maturity numerous 
generatious can be produced thruout the summer, Fall migrants start to appear 
in September continuing even into November and fly back to the peach and plum 
to devosit thers the young ege-laying females. The males develop on the bect, 
acquire wings and fly to the winter host to fertilize the females. 


Control would be either (1) killing the stem mothers on peach or plum 
by spreying with lime-sulfur just before the buds open or by Black Leaf 40 just 
after buds open, but before leaf curling; or (2) killing the summer forms on the 
beet by spraying with Black Leaf 40, 


The black beet-seed aphid appears as a black or green=black aphid mass— 
ed in compact colonies on and under the leaves and in case of seed producing 
beets also on blossoms and seeds. The aphids are slightly over two millineters 
in length and colonies usually contain quite a number of winged individuals. 


The winter host is Buonymus or Strawberry Bush. Here the egzs are laid 
in the fall and the young sten nothers hatch in the spring about the time the 
buds open. The little newly hatched dark green or black lice are barely vis~ 
ible to tne naked eye. They settle and feed on the opening leaves and when 
full-growa, about May 7, are over two millimeters in length, greenmblack in 
color and start producing the first summer generation. Winged forms, the spring 
nigrents, develop and fly away to the sumer hosts which include besides the 
sugar best v-rious truck crops and herbaceous flowering plants. On the leaves 
of the bdect sreat colonics uve formed. possibly causing the leaves to be puclx 
ered or curled more or Jess. In Septerser or October fall migrants will appear 
and fly bdec!: to the winter host to deposit the little egg-laying females. These 
latter when full-grown, are smaller ard more slender than the summer viviparous 
forms and of on olive-green or olive-brown color. The males develop on the sum- 
mer host, acquire wings and fly to the winter host, arriving when the femeles 
are apnroaching maturity. They copulate with the females, fertilizing the eggs, 
and then cie. The ezges are then lnid on the twigs where they await the spring 


for hatchinge 


The viviparous gencrations, however, may continue thru the winter at 
the bases of protected pisnts which may live thru. From such places infesta~ 


tion may spread by menns of winged individuals... 
Control is the same as given above for the green peach aphid, 


Biological control is accomplished by a number of insects of different 
kinds, both predaceous and parasitic. Lady beetles and their larvae are prob= 


ably the most important enemies. Certain diptera, flies, are enemies of aphids, 
since their young, called larvae, or maggots, feed on aphids. One of these 
which is found only underground and is partial to the beet root~aphid, is 
Chleropisca glabra® The larvae are pale yellowish, smooth and slender magzots, 
eften found among the aphid colonies on the beet roots. The adult is a tiny 
black and yellow striped fly. 


Found with aphids above ground are various kinds of syrphus fly larvae 
which can easily be observed to pick up aphids and suck out the juices, throw 
ing away the empty skins. The adults feed on nectar in flowers and can often 
be seen hovering about flowers for which reason they are also called hover 
flies. The flies are often marked with black and yellow bends. 


A certain kind of midge fly (Aphidoletes meridionalis Felt) lays its 
eggs in colonies of aphids. The young are tiny maggots, pinkish in color. They 
seem to lie idly about among the aphids, but if observed closely with a hand 
lens for a sufficient length of time, they can be found sucking juice from the 
membraneous connections between the joints of the legs. The aphids thus weak 
ened soon die and their bodies turn brown. 


Capsid bugs of different kinds feed on aphids in both larval and adult 
forms. They have sucking mouth parts or beaks with which they stab the aphids 
and feed on the body fluids. 


Certain Hymenoptera, or tiny wasp-like insects, lay a single egg just 
under the surface of the body of the aphid. This eg> developes into a grub 
which feeds on the juices of the aphid until full-fed, It then kills the host, 


pierces the underside of the aphid's body fastening it to the leaf and pupates 
inside the remaining shell which is all that is left of the aphid. This shell 
turns either whitish or black, varying with the kind of parasite. Later the 
adult parasite emerges thru a round hole which it has cut in the aphid shell. 
These dead parasitized aphids show up very clearly in an aphid colony. 


When large numbers of any of these kinds of predators or parasites are 
found it is not necessary to apply methods of artificial control. 


LIFE HISTORY AND CONTROL OF THE MAJOR LEAF EATING INSECT 
PESTS OF THE SUGAR BEET, EXCLUDING GRASSHOPPERS 


By 


Chas. R. Jones 
Station Entomologist 


The damage caused to any crop by leaf-eating insects is supposed to be 
paramount. This is undoubtedly because the feecing being exposed to view and 
to the casual observsr and grower it attracts attention, hence is more general- 
ly kmowne There arc several insect pests that attack the leaves of sugar beets 
and each will be treated separately and arranged in accordance to economic im 
portance. 


* Parker, 1918 ~ Jour. Econ. Znt., Vol. ll:p 368-380 


The beet webworm is undoubtedly the most destructive pest of the leaf- 
eating group if not the greatest pest of the sugar beets. It undoubtedly ranks 
first and causes greater loss to the beet industry than any other pest. 


Barly History 


The exact history of the pest is not accurately known. It was first 
recorded from Utah in 1869, in 1873 it appeared in Michigan and in 1903 was 
reported from Colorado in Larimer County. From that time it has gradually 


spread to all areas where beets are grown, 


Records show that it has been taken from New Mexico up to an altitude 


of 11,000 feet. Thus it has a wide range and can sustrin life in several 
zones. This pest has not only been recorded from all beet—growing sections in 


the U. S. but also our island possessions and many European countriese 


Food Habits 


While the main food plant is the sugar beet, the webworm is more or 
less of a general feeder and has been taken on all types of garden crops, weed, 


Russian thistle, alfalfa, fruit trees and what not. 


The injury done by the worms feeding upon the young beet leaves often 
kill the beets outright; older beets also die when the crown has been destroyed. 
Where simple defoliation occurs growth is retarded and yield and sugar content 

is impaired. Every year more or less damage is done by this pest. 


This insect has two and a partial third brood. It has been estimated 
by Mr. A. C. Maxson of the Great Western Sugar Co., that the first brood often 
defoliates and injures upwards of 31,000 acres of beets while the second brood 
defoliated more than 25,000, decreasing the tonnage by from 1/4 to one ton per 
acre, with a loss to the farmer of approximately $300,000 annually. 


The period of damage by this insect is prolonged, extending from early 
June to September. The first generation causes the greatest damage as the 
beets are rather small and cannot withstend the injury. At the time the second 
generation appears the beets have grown to sufficient size to withstand the 
worm attack, although they are very often completely defoliated. The third 
generation seldom causes serious damage. This pest passes through 4 stages, 


egg, larva, pupa and adult. 


The winter is spent in the larval strge, in early spring pupation taxes 
place in a silken tube in the ground. The adult emerges as a moth in May, feeds 


and soon begins oviposition. 
The egg stage varies from five to seven days. 


Larval stage lasts from 17 to 20 days, during which time it is contine 
ually feeding. The pupal stage is about 11 days. These periods of time are 


average, depending upon climatic conditions. 
Control 


Control may be listed as natural and artificial. Under the former 
there are many naturnl enemies of these, birds play a very important part. 
The blackbird is its foremost enemy. Insects, both predaceous and parasitic, 


| 


are also important. . 
Under the latter may be placed cultural methods and poisons. 


As the worm overwinters in the ground in the larval stage many of them 
are undoudtedly destroyed by dragging the beet fields. By this process the 
pest is exposed to winter conditions, birds and other enemies, and a partial 
centrol is affected. Deep plowing or harrowing after harvest will also prove 
quite effective. If this is not possible early spring soil preparation should 
be practiced. 


Clean cultivation is also an important factor. As the worms are gener~ 
al feeders, all weeds especially Russian thistle and lambs quarter, should be 
kept down. Weeds should not be allowed to grow even around fence rows or on 
ditch banks as the moths will oviposite on them and when the worms have con~ 
sumed these plants they will migrate to the beets where serious damage will 


follow. 


Arsenical poisons are very effective in beet webworm control. Paris 
green has proven to be the most effective and satisfactory remedy as its action 
is quick and the beets are very resistant to its burning qualities. Arsenate 
of lead may be used in lieu of Paris green. Its action is slower and {t must 
be applied in large amounts. 


Dry pyrocide was also used in some experiments on a small scale and 

this material was very effective but rather expensive. A small hand duster was 
used and the material applied at the rate of 30# per acre. The resuits obtain 
ed were very satisfactory, in fact better than controlling the worm dy Paris 
green, as the feeding of the larvae stopped as soon as the dust was applied. 
It is Believed that if a power duster is used that the amount used per applica- 
tion could be cut in half at least. I understand that by the use of airplane 
the amount per applica\ion has been cut to 12# per acre. Dry pyrocide is very 
promising and more extensive experiments should be conducted. 


Successful control depends largely apolying the poison at the 
proper period, that is when the worms are but a few days old, it then requires 
less poison to kill them and they will not have an opportunity to do serious 


damage to the crope 


CATERPILLARS 


While on the subject of leaf-eating caterpillars the alfalfa webworm 
should come next. This insect is a close relative to the sugar beet webworn, 
in fact it belongs to the same genus. The iarvae of this pest are also gener 
al feeders. They will attack all trpes of garden crops, weeds, etc. Over 20 
different weed species Axuve been recorded as fooa piants. On cultivated plants, 
however, their attecks are generally confined to alfalfa on which the worms spin 
masses of whitish wets at the tips of the plants, enclosing the new tender leav~ 
es and blossoms which the worms eventually destroy. This web furnished ideal 
protection for the enclosed feeding worms. 


The attacks of this pest on sugar beets is quite similar to that of the 
former insect. Occasionally leaves will be found practically covered with a ° 
web. These webs terminate in a long funnel-like process which extends to the’ 


ground. 


This pest may be controlled by similar methods applied to the sugar 
beet webroom. With Paris green on small acreages the barrel type of sprayer 
may be used, but it is best to h-ve a machine that will maintain sufficient 
pressure to apply the spray in a fine mist as coarse drops will collect on the 
waxy leaves of the beets and run off. The machine should also have an agitator 
to prevent the Paris green from settling to the bottom of the tank. 


There are two cutworms that sometimes are important as sugar beet ~ 
destroyers, the Army cutworm, Chosezagrotis auxziliaris Grote., and the pale 
western Porosagrotis srthogonis Morr. The latter is more prevalent and does 
greater damage when it occurs. 


These worms like most all cutworms, develop in the fall and overwinter 
in the larval stage. About the latter part of April or first of May, when abun- 
dant, they are large enough to attact attention and may in heavy infestations 
cause considerable damage to young beets. 


Other general leaf-feeding caterpillars at times attack sugar beets but 
these are of minor importance. 


Control 


If any of the leaf-eating caterpillars are known to be in beet fields 
in the early spring they may be controlled by use of Paris green. If their 
presence is not noted until the damage is done and the vegetation is destroyed, 
one will have to revert to the use of a poisoned bran mash similar to that used 


in grasshopper control; 100# should be sufficient to poison 12 acres of land. 
THE BLISTER BEETLE EPICAUTA MACULATA 


These beetles are formerly kmown as the "Old Fashioned Potato Beetle". 
This was to distinguish them from the "Colorado potato beetle". The common 
name is now obsolete. 


Blister beetles belong to the order Coleoptera, are slender, elongated 
and cylindrical in shape, the head being broader than the thorax. This gives 
them the appearance of having a neck. The elytra are soft and not of the tex- 
ture of other members of this order. There is an oily substance in their bodies 
known as Cantharidine which will blister the tender skin of persons if the 
beetles are crushed on it, hence the name Blister Beetle. A commercial produce 
“Gantharides" or "Spanish fly", which is used extensively in veterinary practice, 
is made by grinding the beetles into a very fine powder. 


Blister beetles are gregarious in habit. They feed in droves and at 
various times the bands may be found in a certain part of a field; the next day 
returning to the same spot not a single beetle will be found. Thus they migrate 
from one part of the field to another or even to a different field altogether. 


The larvae of this insect, as far as is known, feed upon the eggs of 
grasshoppers. Thus we have an insect that is noxious in one stage and benefic- 
ial in another. 


There are about 200 species of blister beetles known to occur in America 
north of Mexico. 


Life History 


The life history of only a few of the American blister beetles has been 
worked out. The best one known is that of the striped blister beetle (Bpicauta 
vittata Fabr.) and is briefly as follows, The insect winters as a full grown 
larva, in an earthen cell in the soil, and is known as a pseudopupa. It is about 
2/5 of an inch in length, tough-skinned, yellowish in color, with much reduced 
legs and mouth parts. According to Crosby and Leonard it may remain in this 
condition several years, but usually molts the first season, acquiring function— 
al legs and moves about for a while before it pupates. The true pupal stage 
lasts about 2 weeks and the adults emerge in June and July. The beetles are 
very restless creatures and tend, in a very short while, to mass together in 
great swarms, and migrate from place to place. 


The female lays her eggs in clusters, about 1/2 inch below the surface, 
in rather compact soil. Riley has recorded as high as 1222 eggs laid in 16 
masses from a single individual, which varied from 19 to 125 eges per mass. The 
eggs are long, cylindrical, yellowish objects. The period of incubation is from 
10 days to 3 weeks. Upon hatching the young are very active, and very strong 
jawed and are imown as a triungulia. They burrow through the soil until they 
reach an eg¢ pod of some grasshopper, where they feed and develop. The larvae 
molt four times in 4 to 5 weeks, and pass through a remarkable series of changes 
known as hypermetamorphosis, during which time its legs and mouthparts become 
progressively smaller and smaller until it reaches the pseudopupa stage described 
above. nthis stage it winters. There is apparently but one generation each 
season. The larvae of several species of blister beetles are known to feed upon 
grasshopper eggs and are thus beneficial in the immature stages. The food of the 
majority has not yet been determined. As the adults are general feeders they 
will feed upon all types of vegetation. 


Plants known to be attacked by blister beetles are; potato, tomato, egg~ 
plant, beans, carrots, peas, pumpkin, onions, spinach, beets, radish, cabbage, 
corn, clematis, aster, zennia, and all types of weeds and sugar beets. 


Sontrol 


As the beetles are very restless and rather resistant to arsenicals at 
ordinary strengths, early recommended controls were dusting or spraying with 
exceedingly strong applications of arsenicals, or sodium fluosilicate, or to 
dust heavily with slaked lime in order to disturb the beetles and cause them to 
move one Thor have actually been driven from fields by waving brush over in~ 
fested plants or by beating the plants with gunny sacks. The latter are only 
temporary methods and in a very short time the beetles disturbed in other quart- 
ers will reinfest previously infested areas. 


As this pest follows outbreaks of grasshoppers it is only in late years 
that it has become an important pest, not having appeared extensively in Colo 
rado for the past 20 years or more. When it did occur in '36, after the previous 
heavy grasshopper outbreak, considerable experimental work was necessary to find 
a product that would kill the insect by contact. This was necessary, due to its 
migratory habit. Several compounds were used, such as sodium fluosilicate, 
Garden Guard, Kalite, Rotenone, Cubor, sulfur, dry pryocide, etc. 


The latter applied at the rnte of 1, to 9 gave a kill of 93% of the 
beetles with one application, and is therefore to be recommended for this pest 


in any outbreak. 


SUMMARY 
1. Arsenicals do little good as they have to be applied in such con 
centrated form. 


2. Commercial dusts such as Kalite cause the beetles to leave the 
plants in about 24 hours. 


3. Cubor apparently has the same affect as Kalite. 


4, lime alone is effective in causing the beetles to migrate. 


5. Pyrocide mixture actually kills the beetles in less than 24 hours 
and is therefore the most effective dust used, but it is rather expensive. 


THE ALKALI BEETLE 


In the beet-growing districts of Colorado the beetle is Imown as the 
alkali beetle because it breeds most freely on weedy low, damp ground, where 
alkali is brought to the surface by seepage. 


It feeds upon the beet in both the larval and adult stages. Its damage 
generally is confined to places in the field near its breeding ground as mention~ 


ed above. 


“The adults are quite active and will often migrate in swarms to various 
parts of the field. In severe infestations they skeletonize the beet leaves, 
leaving only the larger veins. The plants thus attacked will soon shrivel and 


turn browne 


Gontrol 


When occasion warrants the beets may be sprayed with Paris green, og 
to 100 gallons of water, but as the outbreaks are generally spotted in the 
fields, a kmapsack sprayer is best to apply the poison. It is recommended, how- 
ever, to note the low alkali places near the beet fields and apply the poison 
to the weeds, thus killing the larvae and adults before they migrate to the beet 


fields proper. 


FLEA~BEETLES 


There are many flea-beetles that feed upon beet leaves and these may 
be controlled by an application of arsenate of lead or dry pyrocide. 
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HEMIPTEROUS INSECTS AFFECTING SUGAR BEETS GROWN FOR 
(Abstract) 


By 


Orin A. Hills and V. E. Romney, Bureau of Entomology and 
Plant Quarrantine, U. S. Department of Agriculture 


(Abstract of a paper for presentation to the American 
Society of Sugar Beet Technologists) 


Results of surveys in fields.of sugar beets grown for seed in the South- 
west showed that several species of mirid bugs of the genus lygus and several 
species of pentatomid bugs infest the fields. These surveys further indicated 
that the Lygus bugs come into the fields when seed stalks appear in the spring 
and that they reproduce rapidly, whereas the pentatomids come in somewhat later 
and reproduce much more slowly, These conclusions, however, are based on only 


2 years® observations. 


Results of isolation=cage studies showed that both Lygus and the pentato- 
mids are capable of reducing the percentage of viable seed produced. The quan. 
tity of seed is apparently not reduced by these insects, but seed produced under 
conditions of insect infestation is somewhat lighter as well as of lesser viabil~ 


ity. 


In small cages an average of 52.1 seed balls were rendered non~viable by 
one female lygeus, whereas males did not significantly reduce the numbers of viable 
seed balls produced in the cages. In addition to increasing the numbers of non- 
viable seed balls, the females reduced the number of sprouts per viable ball from 
1.99 in-the check cages to 1.56 in the cages containing female lygus. Here again 
the number of viable seed balls produced in the cages containing males was not 
significantly different from that produced in the check cages. These data would 
indicate that the males do very little, if any, damage to the seed. They also 
indicate that while the principal damage caused by the female Llygus is in the 
increased number of nonviable balls, still it is possible for the insects to 
damage one or more germs without damage to other germs within the same ball. 

The quantity of seed was not significantly reduced in either the cages contain~ 
ing males or those containing females which further substantiates the data from 
the isolation cages and indicates that species of Llyeus do not materially reduce 
the quantity of seed produced. . 


Introduction of large numbers of Lygus on the beet plants before bolting 
altered the type of plant growth, drastically reduced the quantity of seed pro- 
duced, and reduced the viability from 91.0 to 0.33 percent. 


The beet leafhopper infests beets grown for seed in Arigona and New 
Mexico and causes injury by transmitting the curly top disease, which tends to 


decrease the yield. . 


Serious infestations by the beet leafhopper have been quite definitely 
correlated with late-summer conditions in desert breeding areas in adjacent 

territory. Such infestations result from large numbers of these leafhoppers pro- 
duced in the desert areas on summer host plants, when winter mustards are absent 
late in October to serve as hosts of the leafhopper in the desert. 


Two or more beet leafhoppers per foot of row of beets grown for seed 
in Arizona fields by November lst would be potentially dangerous from the view 
point of beet-seed production in the average field, while apparently one-half 
of this number might cause an equal degree of injury in New Mexico. 


Much smaller numbers of the beet leafhopper eccur in fields where the 
foliage practically covers the soil than occur at the same time in fields with 
small beets or poor stands; therefore, the hasard of curly top injury in Arizona 
and New Mexico can apparently be largely overcome by following agronomic practic~ 
es which result in a growth of beet foliage that covers the ground by late in 
October. 


Experiments conducted since 1935 for control of the beet leafhopper on 
beets grown for seed have shown that beneficial results were obtained by treat- 
ing fields early in November with a pyrethrum-in-oil spray. 
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DEVELOPMENT AND PERFORMANCE OF SINGLE SEED SUGAR BEET PLANTERS 


By S. W. McBirney 
Bureau of Agricultural Chemistry and Engineering 
U. S. Department of Agriculture 


Two years ago at the Salt Lake meeting a preliminary report was given 
on single seed planting of sugar beets. Data were presented which showed the 
advantage of single seed planting in securing more uniform germination stands 
and stands which contained increased numbers of single seedlingse The desira- 
bility of such plantings for mechanized blocking and thinning as well as for hand 
thinning was pointed out. A single row planter unit which had been developed 
for single seed planting was described and data were given showing the effec- 
tivoness of its work. The construction of a multiple row planter using similar 


single seed units was reported. 


Since that time there has been wonsiderable experimental work done on 
this type of beet planting. Several different single seed planters have been 
developed. Two years! experimental results in the field have been obtained with 
part of these machinese Significant improvement in uniformity of germination 
stands and increased numbers of single seedlings has been obtained. It has been 
learned that new type planters with more or less elaborate mechanisms for drop= 
ping single seeds are not necessary, but that regular planters with proper 
special equipment will do satisfactory work. A laboratory method for testing 
planters has been developed which considerably speeds up comparisons of uni- 
formity of seed distribution of the machines. The development has progressed 

to the stage where commercial equipment for single seed planting can be obtained 


for this year's planting season. 


Several requirements or desirable features of a single seed planting 
machine were considered when the development was begun. The first was the 
selection or pick-up of single seed balls at regular intervals and, if possible, 
from sack~run or ungraded seed. Second, the uniformity of seed spacing should 
be maintained as nearly as possible until the seed balls were depvosited in the 
bottom of the opened furrow. Third, the mechanism should be adapted to a disk 
type furrow opener because previous tests had shown this type of opener to be 
superior to the runner type in obtaining increased seedling germinatione Fur~ 
thermore, it was felt that a mechanism which could be used with the disk opener 
could probably also be used with the runner type while the reverse condition 
would not always be true. It was also desired that planting be done at normal 
speeds of at least two niles per hour. It has been learned since that all of 


these qualifications are not necessary. 


The multiple row, chain feed planter, which was being built at the time 
of the meeting two years ago, was designed to fulfill the above requiroments as 
nearly as possible, It uses an endless chain of seed cups which pick up single 
seeds in the cups as they pass upward through the hopper. The cups emerge fron 
the surface of the seed, thus allowing extra seed balls to fall back into the 
hopper, and enter a tube which holds the balls between the cupse The chain 
passes over a sprocket and down through the tube to the bottom of the opened 
furrow where the seed balls are deposited equally spaced. 
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The planter with its feed chains of seed cups, the special chain 
housings with their four sprockets and rollers each, and the separate drives 
for each unit is a rather elaborate machine which would be expensive to build 
commercially, but which has been particularly satisfactory as an experimental 
machine because seed spacings could be obtained with it which were comparable 
with hand spacing. It was built as a four or a sixrow machine so that it 
could be used with commercial plantings of either kind. It has been used for 
experinental ficld plantings the past two years. 


Mervine's single sced planter uses a vertical disk with a series of 
cups around its periphery to pick up single seed balls. The disk of cups is 
attached to the inner face of one of the furrow opener disks which is positive~ 
ly drivene The cups pick up seeds from a small, secondary hopper in the disk 
opener casting, carry them around through a channel in the casting and drop 
then into the bottom of the opened furrow. Hither graded or sack~run seed can 
be usede A four~row planter using these units was built and used for experi- 
mental planting in 1938. Two additional planters using these units wore built 
for further experinental plantings this past year. 


The John Deore Plow Company became interested in this type of planting 
and built soveral four~row wiits of an experimontal single seed planter in tine 
for field test in 1938, both in California and in the later~planting districts. 
This planter is of the horizontal plate type using special, single seed plates 

with special seed cut-offs and notched seed Imocker wheels. The secd cells are 
notched into the edge of the plate and are sized to take smaller sized, graded 

seed. The seed hoppers are mounted directly on runner openers so that the dis- 


tance of seed drop is decreased to seven inches. 


The seed hoppers from this low-hoppered, experimental planter gould 
be used on an old style, regular, runner opener planter which gave a 24-inch 
seed drope As the plate could be run at the same speed relative to the forward 
travel of the planter, this gave a very satisfactory comparison of two heights 


of seed drop with exactly the same plate equipment. 


Tests in 1938 showed no significant differences between germination 
stands obtained with the single seed plate hoppers when used on the two plant~ 
ers with the 7-inch and the 24-inch seed drope It was therefore suggested to 
the manufacturer that the special, single seed plates with their seed cut-offs 
and knockers be made available for the current, commercial plate planters. 


These special single sced plates for small sized, graded seed were 
supplied for this past season's test work. In addition plates were machined 

from blanks which would accommodate the larger sized, graded seed or could also 
be used with sack-rm seed, These single seed plates with the necessary false 
plates, seed knockers, etc., will be available for this season's plantings 


Another type of single seed planter was developed by C. Je Cobbley of 
the Utah-Idaho Sugar Company in 1938. Several foursrow units have been built 
and tested both in 1938 and 1939, This planter utilizes a vertical seed 
wheel with a double row of seed cells around the edges of the rime This seod 
wheel 1s mounted in the bottom of @ seed ‘hopper and on a runner type furrow 
opener to minimize the distance of seed drope Seed balls are accumulated in 
the cells as the wheel turns through the bottom of the seed hoppere The seed 
are held in the cells by guides until they reach their lowest point when the 
cells are uncovered and the balls drop into the bottom of the opened furrow. 


Small knocker rollers running in grooves on the inside of the rin dislodge the 
seed balls from the cells. 


The Case Company has also developed single seed plates for its regular, 
tractormmounted beet planter. This planter uses an inclined plate with pick- 
up cup seed plates. These plates will also be available for this year's plant- 


ing seasone 


The Ventura Manufacturing and Implement Company and the Strong Hamilton 
Imlenent Works, both of Ventura, California, are also developing or have de- 
veloped machines for single seed planting. Both are of the type using vertical 
seed wheels with pick-up seed cups. Tests have not been run with these units. 
Other manufacturers of beet planters are also giving attention to single seed 


planters 


Field germination stand counts have been used for comparing single seed 
and conventional planters. The method used is based on the assumption that with 
a given number of seedlings per hundred inches, the planter which spreads those 
seedlings into the greatest number of inches of row, or in other words, has the 
smallest number of seedlings in each beet-containing inch, is the one doing the 
nost satisfactory planting. In other words, the planter doing the best work is 
the one which secures the highest per cent stand for a particular seedling stand, 
The number of single seedlings obtained is also used as a means of comparison. 
Direct comparisons between planters can only be made with the same scedling 
stands or seeding rates and for practical comparisons of planters curves with 
per cent stands and numbers of singles plotted against seedling stands nust be 


usede 


The method of comparing planters just described takes three to four 
weeks after planting, often longer, depending on germination and growing con= 
ditions following plantinge In addition it introduces the variable of ger 
nination which is important and necessitates a number of separate counts to 


get a reasonably good average. 


A year ago a laboratory means of testing beet planters and making com 
parisons of the wniformity of their seed drop was developede It consists of 
pulling the planter being tested along a slightly raised runway at planting 
speed and with the openers down in position and catching the seed dropped on 
boards covered with a thin coating of light weight cup grease. The boards are 
set so that they are just cleared by the furrow openers, and the distance of 
seed crop is therefore only slightly more than it would be in field planting. 
The seed balls are caught and held at the exact point where they strike. Such 
a surface is not comparable with the narrow bottom of the opened furrow into 
which the seeds are dropped in the field, but it overcomes all bounce or roll 
of the seed and provides a means of comparison of uniformity of seed drope 


4 flexible steel tape is laid down on the board alongside the row of 
seed dropped in each test and the longitudinal position of each seed is record~ 
ede A run and a check run, each 200 inches, were made for each test set-up. 
From an original set of data sheets the frequencies of seed spacing were tabu- 
lated and a curve made up showing the percentage frequency of each seed interval 
observed in the tests. Such curves, with the mean seed spacing also shown, 
gave a graphic comparison of the seed drop of the planter. The percentage of 
the frequencies within a plus and minus band about the mean was used as a num 
erical value of comparison of the work of the planters, Yor our work wo used 
the interval of plus and minus one~fourth inch from the meane Direct compari- 
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sons can only be made between tests with practically the same mean seod spacing 
as the percentage of frequencies within the band about the mean increases for 
a planter as the seeding rate increases. 


The averages of the dnta taken in a series of laboratory tests such as 
described above gave the following results. 


The seed drop of the chain~feed single seed planter was significantly 
more uniform than that of the other single seed or conventional planters as a 
group or than any of the planters as individuals. The single seed planters as 
a group were significantly better than the conventional planterse There were 
no significant differences between the single sced planters other than the 
chaimfeced planter nor between the conventional planters though larger numbers 
of test runs might show differences which were significante On plate planters 
there was a tendency toward more uniform seed distribution with the single seed 
plates as the distance of drop decreased, but not enough for significance or 
near significance. 


Field tests with the single seed and conventional planters show sub= 
stantially the same results though the differences between the chain feed and 
the other single seed planters are not so marked. Seed balls undoubtedly bounce 
or roll around somewhat as they drop into the bottom of the opened furrow so 
that very uniformly spaced seed dropning into the bottom of a furrow would pro= 
bably lose some of the uniformity of spacing. Furthermore, seedlings do not 
grow vertically from the seed balls, but rather follow paths of least resist= 
ance so that seedlings from very carefully spaced seed balls do not have the 
uniformity of spacing of the balls. Probably for these reasons the significant 
differences between the chainefeed and other single seed planters as shown by 


the grensed board laboratory tests are less consistent and become less signi- 
ficant-in field comparisons. We are, thereforo, probably not justified in de= 
veloping elaborate planting mechanisms for obtaining single seed planting. 


The single seed planters as a group show significant improvement over 
conventional planters in uniformity of field stands and increased numbers of 
single seedlings. They produce the same percentage stands with slightly over 
90 per cent of the amount of seed required for conventional planters, or they 
produce from four to five per cent greater percentage stands at the same seed~ 
ing rates over the usual range of seeding rates. They also produce 20 per cent 
to 30 per cent nore singles than conventional planters. Seeding rates of fron 
5 to 15 pounds per acre have been used for the tests. 


The differences between nost of the single seed planters are not great. 
The chain feed pick-up cup planter, though doing somewhat better work is nore 
complicated, and the additional cost of its manufacture perhaps is not justified. 
The work of the experinental single seed planters with pick~up cup disks or 
wheels, as compared with horizontal plates or with vertical wheels showed no 
significant differences. Furthernore, a standard plate planter equipped with 
special single~seed plates, seed cut-off and Imocker and with its normal 34» | 
inch seed drop did practically as well as the sane type of equipment in the 
single seed planter with its low hoppers. This neans that new type planters are 
probably not needed for satisfactory single seed planting and that conventional 
plate planters equipped with the proper special equipment will be satisfactory 
for cormercial single seed planting. 


ty 
BE. M. Mervine, Agricultural Engineer, Bureau of Agricultural 
Chenistry and Engincering, U.S. Departnent of Agriculture, Fort 
Collins, Colorado. 


"Stoop labor" was eliminated on a nine acre field of beets at Fort 
Collins, Colorado in 1939, Small strips of hand raised beets were used as 
checks. The results indicate that it is possible to raise beets in this man= 

ney without sacrificing tonnage as compared to the customary hand labor methods. 
The labor requirements are encouraging in two ways, first, that the long~handled 
hoe method of thinning is less arduous and, second, much less time is required. 


The field was laid out with several objectives in mind. Thé major part 
was planted with a commercial planter in the ordinary way. The object of this 
was to actually raise beets in a commercial manner without the usual stoop 
labor. Uxperimental data were desired and for this purpose replicated plots 
were planted making the following comparisons? 


le The single seed ball planter was compared with tho commercial 


planter. 


2e The comercial planter was used with varying amounts of sced per 


acre - 


3e The single seed ball planter was used with varying amounts of seed 
per acre, (12 lbs. per acre, 9 lbs. per acre, 666 lbs. per acre)e These var- 
iations in seeding rate resulted in distribution of seed in the row, from one 
secd ball to every inch ef row to one seed ball to two inches of rowe 


4. Various methods of thinning were practiced (&) the customary method 
of hand thinning, (b) long-handled hoe without any subsequent hand labor, (c) 
the row blocker followed by the long-handled hoe, and (d) the row blocker fol= 
lowed by no subsequent labor. These methods of thinning were replicated and 
were practiced on the different methods of planting, 


5e At harvest time all the plots were sampled systenatically and the 
results are recorded. 


le There is no difference in yield between the beets hand thinned and 
those which were thinned with the long-handled hoe (no subsequent hand labor). 


2e There is a significant loss in yield where the beets are nechanic~ 
ally thinned. 


3e <All germination stands were relatively poor on account of a poor 
germination condition in the carly spring. 


4, The germination stands were approximately proportional to the 
anount of seed used. 
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CONCLUSIONS 


The elimination of stoop labor seems to be practicablee In the first 
place the yield was not decreased. There were more small beets harvested. 
Forner tests would indicate that equal tonnage and smaller beets would give 
increased sugar per acree The increased number of smaller beets would, however, 
multiply the difficulties in hand harvesting because of the increased number 

of beets to be topped. This would also be true with some methods of mechanical 
harvestinge It would not materially hurt the speed of mechanical harvesting 
when using the mechanical harvester where the beets are lifted by their tops 


and topped in the machine. 


The quality of topping accomplished by the ground type of mechanical 
topper would probably be lowered because of the increased number of doubles. 


In this test the labor time was not conclusive, but from former tests 
the time of labor involved can be ostinated to be approximately one~Half that 


of the hand method. 


The single seed ball planter demonstrated its ability to increase the 
nunber of single plants with the result that thinning is an easier operation. 
This thinning operation is easier when done either by hand or when done by 


the long-handled hoe. 


The single seed ball planter demonstrated the practicability of using 
less seed than has been customary with the standard planters. 


For several years experimental work has been done on the practic 
ability of "mechanically thinning" bects. The development came as a result of 
experiences with mechanically blocked beets. It was found that, with the usual 
mechanical blocking, there remained a large number of single beet plantse With 
the usual throe inch blocl it was comionly found that twenty per cent of the 


blocks contained single beets. 


The next step seemed logical, if the blocks were reduced to about one~- 
third of the three inch size that there night be expected three times as many 
singles. The expectation was borne out. With an ordinary stand of beets and 
using a blocking tool leaving small blocks, we may expect about sixty singles 
per one hundred feet of rowe This is, of course, not enough bects to make a 
satisfactory crops It is then necessary to leave enough doubles to make up the 
usual one hundred beets per hundred feet of row, or whatever is desireds 


The procedure at the present tine is to have the blocking tool set to 
such dimensions that twice the desired number of beets are allowed to remain. 
Then, with a longhandled hoe, cut out sufficient bunches and closely spaced 
doubles that the remaining stand will give a population of approxinately one 
hundred beets per hundred feet of rows 


In the experinents this year three nethods were followedt 


1. The longhandled hoe was used without any subsequent hand labor. 


2. The beets were thinned with a row blocker, the attempt being to 
leave nore than the desired nunber of beets and then this operation was follow- 


ed with the long-handled hoe. 


3. The row blocker was set to thin the beets in one operation, follow- 
ed with no hand labor. 


These plots were replicated with a check plot of hand-thinned beets. 


Naturally the mechanically thinned plots required nuch less labor, but 
this year the yield was significantly less than for the methods where the long 
handled hoe was used alone. 


GROSS BLOCKING OF SUGAR BEETS 
by 


R. T, Robinson, Manager 
Anerican Crystal Sugar Co. 
Chaska, Minnesota 


Blocking sugar beets mechanically by drawing a cultivator carrying 
special equipment across the planted rows was undertaken for the first tine 
in Minnesota in 1929, Discs and knives were so arranged that undisturbed 

blocks of 4 to 5 inches were left on 16, 18 and 20 inch centers, while the 
balance of the beets and weeds in the row were removed. 


In later years the blocks were narrowed to 3 inches and the spacing 
within the row reduced to 12 to 14 inches, This change resulted in a higher 
plant population per acree Discs, if used at all, are now rum straight and a 
special 5 inch knife has been designed which cuts clean and does not accumulate 
trash. The work is perforned shortly after the seedlings energee 


--There is a saving in labor, both as to number of workers required and 
cost per acre. Competing beets and weeds may be elininated early in the season 
and thus noisture and fertility is conserved. A beneficial mulch is left about 
the block and growth is retarded but little as thinning is accomplished in nost 
instances without the use of a hoe. 


Workers find that they can thin the cross blocked beets rapidly and 
their earnings per day are greater than when the old method is used even though 
the per acre rate is less. The method was particularly attractive to the grow 
er whose beets wore cared for by his own fanily. Fields that do not lend them 
selves to wire checking because of irregular borders or uneven contour may be 

cross blocked with success and at a saving. 


DROP TIING 


The idea of a Hill Drop Planter was conceived by Joe Wartman in 1932, 
He proposed to accomplish the result of depositing seed at 10, 12 or 14 inch 
intervals in the row, saving the seed that would later grow into seedlings that 
would be blocked out. This first planter performed well, but it was felt that 
the seed was dropped too much in a clump for rapid thinning. 


By 1934 at least threo manufacturers were offerings four and six row 
hill-drop planters at prices ranging from $160.00 to $230.00. The one that 
gained the nost favor wns the Rassman planter which used a rotor with cut-away 

spaces for depositing the sevd at regular intervals. Spacings were regulated ~ 


by using a variety of sizes of drive gears. 


Hill-drop planting is the accepted method in 20% of the sugar beet area 
of Southern Minnesota. The seeding rate is between 6 and 7 lbs. per acre, 
resulting in a saving of approximately 2/3 of the former cost of seeds If the 
operator uses ordinary care and judgment in planting, skips do not occur making 
it difficult for a worker to justify poor work. | 


Workers who are willing to accept changing methods take no exception 
to working in the hill-drop planted fields. Their earnings per day are greater 
inasmuch as experience shows that they work an acre in 18% less timo. 


The method lends itself to rolling, irregular fields, where the check- 
wire planter does not perform well. 


EXPERIMENTS WITH NON—THINNING OF SUGAR BEETS 
by 
O. A. Holtesvig, Agriculture Superintendent, 
American Crystal Sugar Co., East Grand Forks, Minn. 


HARVESTING AND LOADING OF THE BEET CROP 
Iv 
IOWA, SOUTHERN AND NORTHWESTERN MINNESOTA AND EASTERN NORTE DAKOTA 


Our experience with cross cultivation has clearly indicated that we 
have increased the number of acres an adult worker can thin, and realizing 
that some day mechanical means will be available for reducing the number of 
workers needed for harvesting, which will then unbalance our seasonable labor 


requirenents. 


The first problem confronting us was to find some means whereby a 
planter would distribute one single seed ball at a desired spacing. After 
considerable correspondence with implement companies we decided, with their 
recommendation, to plant in a continuous row with a No. 16 John Deere planter 
using plate #N2469D, having 54 cells, with false plate #Y2630B and using seed 
graded between 9/64ths and 11/64ths in size, with a special transmission re=- 
gulating the speed of the plate to drop one seed 1-1/2" to 2" apart. 


A number of plots were planted with this arrangement but resulted in 
plants being bunched and unevenly spaced which we attributed to the light weight 
of the seed and height of drop, so the idea of not thinning these plots was 
abandoned. To overcome this difficulty we decided to try checking one seed in 
a hill, spacing 18 inches in the row and 18 inches between the rowe By use of 
the check arrangement we would be able to take advantage of the lower valve 
which is close to the surface of the double valve arrangement in the Deere 
check-row planter. By reducing the 54 cell plate #N2469D to a 16 cell plate 
we planted 17.89 acres and cross cultivated them. The only labor used was for 
hoeing in August to remove the weeds at the cost of $4.00 per acree It night 
be well to nention that this plot was planted two weeks later than the balance 
of the field which we are using for a comparison. 
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1938 Comparison of utvernge Cost per Acre of Cross Cultivated 
Non—thinned and Cross Cultivated Thinned, not Including 
Growers’ Items such as Planting, Cultivating, Lifting, 
etc., Based on Totals of A. L. Kiel Field. 


NON-THINNED 


17-89 acres harvested, 131.4710 tons 


2 7 
Seed 
Fertilizer 1.70 
Hoeing 4.00 
Topping @ 90¢ ton 6.61 
Hauling @ 60¢ per net ton _4.42 
Average cost per acre 16.83 


Returns on initial advance 
of $4.75 per ton 34.91 


THINNED 
189.72 acres harvested, 1604.9410 tons 


Average yield per acre 


Seed 

Fertilizer 
Blocking & Thinning 
Topping @ 90¢ ton 


Homing @ 60g pow net ton _ 5,08 


Average cost per acre 25-11 


Returns on initial advance 
of $4.75 per ton 40.18 
Cost per acre 


Cost per acre 16.83 
DIFFERENCE PER ACRE 18.08 


DIFFERENCE PER ACRE 15.07 


The difference in returns between the two plots is $3.01 in favor of non- 
thinning. 


Percentages of stand is based on 19,360 beets per acre, which repre- 
sents 100% stand for an 18" x 18" spacing which applies to both plotse Per~ 
centage of stand was determined by the tareman counting the number of beets in 
each sample, and having the weight of the sample, we were able to compute both 
percent of stand and weight of beets, as follows: 


..Non~thinned 64.35% or 12,548 beets per acre; average weight 1.18 lbs. 
Thinned 75.34% or 14,586 beets per acre} average weicht 1.16 lbs. 


We might add that seed planted in the non-thinned plot did not receive a mer 
cury treatment, whereas, the field used for a comparison was treated and this 
may account for the difference in stand of the two fields. 


In 1939 three experimental fields were planted, totaling 36.82 acres, 
and the same method of planting was used as referred to in our experiment of 
1938. The only change made was to have a new plate #H776B made up by the John 
Deere Company. For brevity we have combined the three plots and our results 
and comparison are as follows. 


Though no definite conclusions can be drawn from our limited experience 
we fecl, as well as growers who have been observing these fields, that results 
justify further experiments. It appears from growers' remarks that upwards of 
one hundred acres will be planted and not thinned in 1940 in the Red River 


Valley area. 
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For the past five or six years we have been working on a machine that 
would lift and pile the beets preparatory to topping. In 1938 we harvested 
35 acres with a one row machine and had an experienced Mexican crew topping, 
who volunteered the statement that one-third of their time was saved in har 
vesting this field behind the machine. Several machines were built in 1939 
but due to a short and backward season and lack of time on the part of the 
operators we gained little experience from this harvest though intensive work 
was put on one unit and some changes were made. This unit took out approximate~ 
ly 40 acres and desired changes indicated from this year's operations will be 
incorporated in the other machines. <A scalping device was arranged which re- 
moved most of the tops leaving only two or three inches of the stens. This 
nade it possible to accummlate a larger pile and tended to make it a trifle 
more convenient for labor. Labor topped this field for one-third less than the 
regular labor rates. 


WITH TRUCK LO 


Two different methods of loading were tried out in 1939. One, where 
labor topped into a low hopper which held between four and five tons of beets 
with a bottom conveyor driven by a power take-off which loaded the beets into 
the truck. The other one was a small unit with a 1-1/2 horse power engine 
operating an inclined conveyor with a small boot located close to the ground. 
This was attached to the side of the truck and moved with the truck from pile 

to pilee This arrangement shortened the distance a shoveler had to move the 
beets as it was only necessary for him to raise the beets about eight inches 
from the ground. Time studies and costs are lacking on both machines and furth- 
Ge oxperéonces and study is needed before drawing any conclusions. 


GROSS CULTIVATION AND CHECK ROW SEEDING PRACTICES IN USE IN 
IOWA, MINNESOTA AND EASTERN NORTH DAKOTA 


by 


A. G. Quamme, Agr'l. Supt. 
American Crystal Sugar Co., Mason City, Iowa. 


CROSS CULTIVATION OF SUGAR BEETS 


The idea of cross cultivation was instigated because it was necessary 
after the severe decline of sugar prices in i329, to find some means of reduc- 
ing cost of production. In the area under discussion, experimentation with 
cross cultivation was started in 1929 and from these experiments, it was deter- 
mined that a reduction of costs could be effected, because it eliminated part 
of the thinning and hoeing costs. It was further found that reductions of cost 
could be effected without a reduction of yields. As a result, the use of this 
method increased steadily until at the present time, it is accepted as a stand- 
ard practice in the Red River Valley area, although its use is by no means uni- 
versale 
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CULTURAL BENEFITS 


By continued cultivations both ways, the beet field can be kept cleaner 
which not only reduces the cost of hoeing, but also tends to increase yields as 
weeds not only absorb moisture, but use much nutrition which would otherwise be a- 
vailable for the beet plant. Cross cultivation reduces to a minimum size, the 
block which the labor mst work, This expedites the thinning operation and 
makes it possible to complete this operation before the beets get too larse. 

It is an established fact that beets planted and thinned early produce the best 
yields and by the use of this method, the thinning operation is speeded up to 
such an extent that all of the beets can be planted at one time instead of mak~ 
ing two or three successive plantings as is necessary under the old method. . 


Cross cultivation also results in a quicker recovery of the plant after 
the thinning operation. In the old method of blocking and thinning with a hoe, 
a considerable amount of dirt is taken away from the seedling, leaving the root 
exposed, and in hot, dry or windy weather, many of these die. Under the cross 
cultivation method, it is seldom necessary to use the hoes the surplus seedlings 
are pulled by hand; the roots are not exposed, and this enables the plant that 
is left to make a quicker recovery after thinning and a smaller proportion of 


the stand is lost. 


Oross cultivation establishes a mulch around the plant and prevents 
cracking of the soil which results in better conservation of moisturee In 
fields infested with root rot, it has been found that if the top soil is aerat~ 
ed by cultivation, this disease can be checked. Oultivation both ways has been 


found to be more effective in this regard than one way cultivatione 
TYPE OF DRILL EQUIPMENT, RATE OF SEEDING AND SPACING USED 


When drilling for cross cultivation, the same type of drill can be 
used as for old method drilling. In the area under discussion, the double disc, 


flutted feed type drill is most commonly usede 


Eighteen to twenty pounds of seed per acre has been found best when 
drilling for cross cultivation. Good stands have been obtained with lower seed~ 


ing rates but under adverse conditions, poor stands may resulte 


Various widths of spacings have been tried but studies to date indicate 
the 18 by 18 in. or 20 in. by 20 in. spacings to be the most practical. Sever- 
al attompts at closer spacings have been tried but it is practically impossible 
to cross cultivate these fields the second time, The benefits of cross cultiva~ 
tion are, therefore, lost and no increase in yield is offected. ‘here six row 

planter and cultivators are used, the 18 by 18 in. spacing reduces the width of 
the machines used and this makes for better and easier handling of ficld equip- 


nente 


COMPARISON OF ACRES THINNED PER MAN, AND LABOR RATES, 
BETWEEN CROSS CULTIVATION AND OLD METHODS 


By numerous tests, it his been proven that on a properly cross cultiva- 
ted field, one man can thin 50% more acrenge than under the old method. 


Since 1932, the rate for thinning and hoeing under the cross cultiva- 
tion method has been from $2.00 to $3.00 per acre less than for this same work 
under the old method. At the present time, this difference is $2.50 per acre. 


THREE YEAR COMPARATIVE RESULTS, CROSS CULTIVATION VS. OLD METHOD 
RED RIVER VALLEY AREA 1937, 1938, 1939. 
COMPILED FROM RETURNS ON 59,128 ACRES HARVESTZD. 


NO. BESTS ACTUAL 
AVE. AYE. WT. 100% NO. BEETS 


Cross Gult. 9.62 1.55 18826 12406 65290 
Not crossed 9.44 1.45 . 24131 13020 535-96 


TWO YEAR COMPARATIVE RESULTS, CROSS CULTIVATION VS. OLD METHOD 
MASON CITY, IOWA AREA, 1938, 1939. 
COMPILED FROM RETURNS ON 23,243 ACRES 


Cross Culte 10.59 2.01 17922 10573 
Not Crossed 10.44 1.82 25479 11472 


CHECK ROW SEEDING OF SUGAR BEETS 


The first check row planter was manufactured by the John Decre Coe in 
1934 and in the fall of that your, a field was planted with this machine to see 
whether or not it would be possible to check beets in 18 ine squares. Very 
good results were obtained and in 1935, the John Deere Company manufactured 
severcl more planters which were put into operation. From that time on, check 
row seeding of sugar beets became an established practice in the area under 
discussion and three different makes of planters are now being usede 


The John Deere planter is a plate feod, accwmlative hill~drop type 
with a two valve control. The valves are so timed that the seed drops from 
the seed plate to the upper valve and enough seed is accumulated on this valve 
for one hill during the interval that the machine travels from one button on 
the check wire to the next. During the same intorval, the hill previously ac~ 
cunulated on the upper valve. drops to the lower valve and in the next interval 
is deposited from the lower valve to the soil. This machine has a stop and go 
clutch which controls the travel of the seed platee SevePal sets of seed plates 
are furnished and rate of seeding can be varied by changing plates. 

The Oliver check row planter is somewhat similar excepting that it does 
not have ao stop and go clutch and the travel of the seed plate is regulated by 
change of sprockets. This eliminates some of the working parts and simplifies 
the machine. This machine is also made so that the fertilizer may be checked 
if desired. 


Both of these planters place the seed in a compact hill, if operated at 
the proper speed although the Oliver planter places the seed more compactly. 


The Moline check~row planter differs fron the other planters in that 
it uses the flutted feed and has only one valve. This arrangement does not 
pernit as low rate of seeding per acre and causes the seed to be scattered in 
the hill. However, this planter is much lighter and very simple in construc~ 
tion and if operated properly has been found to perform quite welle 


All three planters have the double dise furrow openers, sinilar press 
wheel arrangements and cone equipped with fertilizer attachnentse 
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After cross cultivation became established, check row planting followed 
as a natural development. By the use of the check~row planter, a considerable 
saving in seed could be obtained and the benefits of cross cultivation still 
retained. Many growers were going into tractor equipment because this was found 
to be more efficient and more economical. This created a demand for a six row 
planter and as a result, most of the check-row planters were made to plant six 
TrowSe 


Inasmuch as the machine companies had had considerable experience in 
the manufacture of check=row corn planters and the beet planters were pattern- 

ed pretty much after them, the check~row beet planter was pretty well perfected 
when it came out and not many changes have been necessary. 


At the present time, the rate of seeding with a check~row planter is 
about six pounds per acre. Some planting has been done with 4 pound plates, 
but more experimentation must be done along this line before this low rate of 
seeding can be recommended. 


Only two spacings have been used so far in check~row seeding. These 
are the 20 by 20 inch and 18 by 18 inch spacings. Of these, the latter spacing 
is most commonly used. 


THREE YEAR COMPARATIVE RESULTS, CHECK ROW VS OLD METHOD 
RED RIVER VALLEY AREA. 1937, 1938, 1939. 


COMPILED FROM RETURNS ON 47,838 HARVESTED ACRES 


AVE. WI. NO. BEETS ACTUAL 
PER 100% NO. BEETS % 


— METHOD YIELD BEST STAND PER ACRE STAND 


Check Row Cross Cult. 9.64 1.51 19360 12768 65.95 
Old Method 9.44 1.45 24131 13020 53-96 


TWO YEAR COMPARATIVE RESULTS, CHECK ROW VS OLD METHOD 
MASON CITY, IOWA AREA, 1938 AND 1939. 


COMPILED FROM RETURNS ON 22941 HARVESTED ACRES 


Check Row Oross Cult.10.71 2.02 18332 11594 63.25 
Old Method 10.44 1.82 25112 11472 49.68 


CONCLUSIONS 


This report has dealt with the developments and results of the use of 
cross cultivation and check row seeding methods in Iowa, Minnesota and Eastern 
North Dakota and from tho findings of this report, we can draw the following 
conelusions? 


1. Cross cultivation was developed because it became necessary to find 
means of reducing costs. 


A reduction of cost to the grower wns offected by cross cultivation 
since 75% of the hocing or weeding was eliminated and at the present time, this 
saving amounts to $2.50 per ncre. 
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3. If cross cultivation is properly done, worthwhile cultural benefits 
are obtained, 


4. The check-row planter resulted in a further savings because it 
reduced the amount of seed used which amounts to about $2.00 per acre at the 
present time. 


5e In making a comparison of yields under the various methods in the 
Red River Valley and Mason City areas, it has been shown that beets grown under 
cross cultivated or check-row methods, slightly out-yield beets produced under 
the old method. 


In conclusion, special recognition should be made of the work performed 
by the late C. T. Lund, who was Chief Agriculturalist of the American Crystal 

Sugar Company at the time, as it was largely due to his willingness to try new 
methods, that these methods were instigated and finally became adopted. 


BASIC PRINCIPLES USED IN THE DEVELOPMENT OF AN 
IN-PLACE TYPE VARIABLE-CUT SUGAR BEET TOPPER 


By 


Je B. Powers 
Associate in Experiment Station, California Agricultural Experiment Station 


The developnent of a satisfactory in~place topper has been attempted 
by nany individunls and by a few organized groups. In general, efforts have 
been confined to the production of a finished machine with little emphasis 
placed on the fundamental nature of the problem. This paper will describe an 
investigation of some of the principles common to all in-place toppers, and 
an effort to apply the results to the design of a finished machines 


In—place topping consists of two essential operations. First, a gauge 
ing device must place a cutting mechanism in position to remove the proper 
amcunt of crown material from each beet. Second, the cut must be made without 


excessive damage to the root. 
DETERMINATION OF GAUGING REQUIREMENTS 


The tare charts issued by the sugar beet processing companies may be 
considered implied recommendations of the proper location of the topping cut. 
Since these recommendations are based on the location of the lowest leaf scar, 
it is evident that any satisfactory gauging system must make use of some dimen~ 
sional characteristic of 2 beet which is a function of its crown thickness. 


Data were taken in a number of fields.in Utah, Idnho, and California 
under a wide variety of soil and climate conditions in an effort to discover 
a correlation between diameter or height and crown thickness. All measurements 
of height were made from a plane nidway dctween the level of the ground adjacent 
to the bects and the level at the base of the furrows. 


Ourves representing the averages of these data are shown in Figure l. 
Curve (A) shows the relation between the beet height and the greatest beet 
dianeter. Curve (3) shows the distance above ground levol of the lowest lonf 
scar as a function of bect diameter. In each case, the data are well represent— 


ed by a straight line passing through the origin. 
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In the average case, the height of a beet is equal to 81 per cent of 
its greatest diameter, and the distance above ground level of its lowest leaf 
scar is 36 per cent of its greatest dinneter. Since crown thickness is equal 
to beet height minus the height of the lowest leaf scar, it is equal to 45 per 


cent of the greatest diameter. 


According to the average tare standards set up by the processing com 
panies, it would be desirable to top each beet less than 3-3/4 inebes in great- 
est diameter at the lowest leaf scar, and to top all larger beets 3/4 inches 
above the lowest leaf scar. This ideal topping performance is represented in 
Figure 2 by curve (C). This curve is the ideal locus of the topping knife for 


beets of different diameters. 


Most experimental in-place toppers have utilized a finder which was 
designed to roll or slide over the tops of the beets, and a knife which was 
mounted a fixed distance below the finder. Evidently, such a device will 

remove a slice of uniform thickness from all beets, regardless of height or 
dianetere Since the knife and the finder rise and fall in unison, the dist~ 
ance of the knife above avernge ground level may be shown in Figure 2 as a 

straight line parallel to curve (A). The intercept of this performance line 
would vary as the machine was adjusted for different thicknesses of cute Its 
estinated vest position is represented by curve (D), Figure 2. Cotiparison 

with curve (C) shows that in a fixed—cut system, large beets would be topped 


too high and small beets would be topped too low. 


The estinated best straight-line approximation of curve (C) is shown 
as curve (E), Figure 2. Physically, this represents a topping system in which 
the knife is raised 1 inch for ench 1.4 inch rise of the findere This has been 
called ce variable~cut topping system. The thickness of the slice removed fron 
each beet would be 0.45 inches plus 23% of the greatest beet diameter, or 0.45 
inches plus 29% of the beet height. High topping of large beets and low top— 
ping of snall beets would be eliminated. 


The foregoing predictions of the relative performance of fixed-cut and 
variable-cut toppers have been substianted in field tests with machines of each 
typee Data have shown that topping losses and top tare in the fixed-cut systen 
are from 50 per cent to 100 per cent greater than in the variable-cut systens. 


In addition to satisfying accuracy requirenents, a gauging device must 
be capable of adjusting itself to beets of different heights with sufficient 
rapidity to permit a reasonable harvesting speed. Consider the action of an 
implace topper in the field. An appreciable amount of time is required for 
the finder to fall from the top of a high beet to ground level. Since the erm 
tire topping mechanisn is progressing down row at the harvesting speed, an 
interval will follow each high beet durinz which a low beet cannot be topped. 
If the Imife and finder are linked together, the finder cannot begin its des— 
cent until the knife has passed completely through the high beet. This causes 
a further increase in the skip distance. If the working parts fall through the 
effect of gravity alone, the skip distance will be approximately 9 inches at 

a harvesting speed of 2.5 mepe hk. The obvious remedy is to force the nechan- 


isn through spring action to fall as rapidly as necessary. 


As the finder approaches a hizh 
beet, an opposite condition is encountered. 
A finite anowt of tine is required to 
raise the finder from ground level to the 
top of the beet. Unless a complicated 
relay system is used to elevate the top~ 
ping nechanisn, the beet must supply the 
raising force. Since the beet will sus~ 
tain only a linited load before failure 
occurs, it is evident that the downward 
thrust on the finder must be small or the 
raising must be done slowly. If the for- 
ner alternative is chosen, the skip dist~ 
ance following the beet is increased. If 
the latter is chosen, the skip distance 
preceding the beet is increased. 


Quantitative expressions describing these effects have been derived. 
It is found that: (refer to figure 3) 


2 


—Zs = 1.608 ~1 
= a [2] 


dg-w 


Spring thrust on finder (1lbs.) 

Force required to lift finder (1bs.) 
Total effect dynamic weight of moving parts referred 
to finder (1bs.) 
Harvesting speed (mph) 
Effective knife width (in.) 
Distance through which finder falls (in.) 

41 = Skip distonce preceding high beet (in.) 

do = Skip distance following hich beet (in.) 


In equations [1/ ana [2], h, dy, do, and Fp nay be regarded as 
field values are subject on y to linited manipulation by 
the machine designer. The following tentative values of these quantities have 


been derived fron field tests and observations: 
h 6 inches (minimum) 
a; do @ 5 inches (naxinun) 
Fy = (60 lbs horizontal thrust (naximun) 
1b. vertical thrust  (naximm) 


The variables left within the control of the designer are W, w, S, and 
the direction in which the lifting thrust is applied to the beet. With the 
other quantities fixed, the permissible effective weight will vary inversely 
with the square of the harvesting speed. For example, if h, dy» 42, and Fy 
have the tentative values stated above and w is 1.5 inches: 


Finder 
Knife 
/ a, 
Fig. 3 
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Wes (if the lifting force is applied vertically 
to the 
and W = 72.5 (if the lifting force is applied to the 
ge beet at an angle of 45° 


DETERMINATION OF CUTTING REQUIREMENTS 


Most in-place toppers have used either a simple knife blade or a 
rotating disc to perform the cutting operation. The knife blade is lisht and 
inexpensive but has n tendency to break beets which can be elininated only by 
the adcition of a power-criven mechanism to support the crownse The rotating 
aise cuts without breakage but is relatively heavy and requires a complicated 
power crive. 


. 4n oscillating knife blade has been developed in an attempt to combine 
the best features of the older systems. An effort has been made to correlate 

its performance characteristics with those of other cutting devices through 

laboratory tests and theoreticel considerations. 


The tests were made on samples 3-1/4 inches in diameter cut from beets 
of various dianetors. A knife blade was ground to an included angle of 12° 
and passed through the ssmples at simulated harvesting speeds ranging fron 
1-1/2 to &1/2 niles per hour. Means were provided to oscillate the !mife in 
a direction parallel to its edge at frequencies ranging from 0 to 50 cycles 
per second. Its stroke was adjustable fron 1/4 to 3/4 inchese 


The sample was so mounted as to be rigidly restrained in the harvest— 
ing direction, but free to oscillate laterally except for its own inertine 
This is approxinately the condition which exists in a field where the soil is 
light or noist. A small notch in the knife blade left a record on the cut 
surface of the effective lateral cutting stroke. 


These formulas were found to agree with the laboratory data within the 
linits of experinental error, 


The following conclusions may be drawn from the test data: 


le The mininun advisable frequency for an oscillating lmife 
is 30 cycies per second. 


2e The down-row thrust per unit of beet diameter must be less 
than 7.7 ibs. per inch if breakage is to be avoided. 


DESIGN OF A FIELD TOPPER 


If an oscillating knife is used in the cutting operation, the necessary 
periodic driving force nay conveniontly be obtained from the reaction of a 
rotating, eccentrically nounted weigkt. Since the power requirements are 
erate, the driving torque may be applied to the rotating slug through a flex 
ible shaft. This construction reduces the mumber of loaded bearing surfaces 

to a ninimunm and gives froedon of notion in all directions. 
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Forrmlas have been derived to facilitate 
the design of a systen such as the one shown in 
Figure 4. If there are no springs which take WM 
part in the periodic notion: Knife 


Distance fron center of rotation to center of gravity of 

the slug (in.) 

Weight of rotating slug (lbs.) 

In /le(see Fig. 4) 

Knife stroke (ine) 

Frequency (cycles per second) 

Total effective dynamic weight of oscillating parts 
(excepting the slug) referred to the knife,(lbs.) 

Maximum power which can be delivered by the knife by virtue of 
its oscillation (hp). 


Any forn of rotating slug having the values of r and Wo indicated by 
the formmlas will fulfill the requirements. The choice of any particular 


shape will depend on design convenience. 


mg 
“iw wis 


The equations show that as the maximum available cutting power is 
incrensed, r becomes smaller and W2 becomes grenter. It is desirable to use 
the lowest value of Pnoax which will result in a satisfactory shape of slug. 


In any practical design, it will be found that this value of Pyay is greater 
than 0.5 kp which has been found to represent the maximum cutting requirenents. 


Many of the problems which arise in the design of a practical in~place 
topper are not subject to theoretical treatment. The solution of some of these 
"incidental" problems is more difficult than the nere satisfaction of the fund- 
anental requirenents. These difficulties may be broken down into three prin-~ 
cipal classes: interference with working parts, wide variations fron noninal 
field conditions, and conflicts in design requirenents. 


Rank foliage, weeds, seed stalks, and dried petioles tend to hamper 
both seuging and cutting operations. Perhaps the nost serious situation is 
one in which large beet tops in combination with any or all of the other itens 
form oa mat ahead of the finéer and prevent the topping of low bectse In the 
experinental topper developed in connection with this project, this difficulty 
was overcone by the use of a narrow finder which is centered on each beet by 
an auxiliary mechanism. Some new problems which will involve further study 
have been introduced through the use of this device, but it has been found 
capable of threading its way through the rankest top growthe 


s© f° 4 A, 
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The use of rolling coulters to sever the dried petioles and of a con- 
veyor nechanisn to carry the tops and wecds past the working parts has elininat~ 
ed clogging in all cases except where a heavy growth of wild sane glory is 
presente 


There is no standard practice in the raising of sugar beetse Row spac- 
ing, and planting, thinning, cultivating, and irrigating procedures vary with 
individual tastes and requirements. A machine may be nade sufficiently flex 
ible to pernit its adjustment to the avernze conditions in any one field with 
out undue complication. However, variations within that ficld present a serious 
problene 


Sone of the nore troublesone items are? variations in row spacing, 
crooked rows or furrows, off=row beets, burrows of varying depth, irrigation 
dams and ditches, leaning beets, beets in double or other nultiple combinations, 
end off~type beets. All of these factors except the last are under the direct 
control of the farmer and may be held to reasonable linits. The percentage of 
off—type beets is small and may be subject to further reduction in the develop— 
ment of seed strains. 


In the experimental machine, the effects of the first three items have 
been minimized through the use of a straight blade !mife and a self~centering 
finder. The disc is sensitive to these conditions because of its relatively 

snall radius of curvature. 


The performance of a fixed cut topper is not influenced by variations 
in furrow depth since the thiclkmess of cut is constant. In the variable cut 
systen, lowering the wheels has the sane effect on the thickness of cut as 
raising the finder. In sections of a field where furrows have been deeply cut 
by irrigation water, beets are topped too low. Even moderately high irrigation 
dans result in high topping of high beets and skipping of low ones. A suggested 
renedy would be to design a nachine in which the topping mechanism could float 
with respect to the wheels and adjust itself to the level of the ground adjacent 
to the beets. The experimental machine was not built in this way. 


Leaning beets and doubles present a serious problem in any systen of 
in-place topping, The only apparent solution is to reduce their nunber by 
improved farning nethods. 


In the discussion of gauging requirements, a definite relationship was 
shown anong the harvesting speed, the skip distances, the direction in which 
the lifting force is applied to the beet, and the permissible weight of the 
topping and gauging mechanism. When an attempt is made to design a topper to 
operate at speeds in excess of two miles per hour, it is found that the weight 
of the worling parts must be made very low if skip distances are to be held to 
desirable limits. It is difficult to design such parts with the strength om 
rigidity necessary to fulfill field requirements, 


In the experimental machine, the working parts were purposely designed 
to the lower limit of strength with a view to correcting structural weaknesses 
as they became apparent. Liberal use was made of heat-treated alloy steels and 
of the alunmimm alloys. The resulting structure has been found to be surpris= 

ingly fieldworthy in the limited tests which have been conducted. It now ap- 

pears that its development will be in the direction of better design, with only 
moderate increase of weight. The total effective dynamic weight of the gauging 
and cutting mechanisn referred to the finder is less than 5 lbs. 


Whereas field tests with the experimental topper have indicated the 
necessity of further refinements in operating details, the results have demon- 
strated that the application of fundamental theory to the design of a field 
machine is a promising method of attack. 


The force required to draw the knife through the beet would evidently 
reach a maximum at the center of the sample, since the width would be a maximum 
at this point. Means were provided to record the component in the harvesting 

direction of this maximum cutting thrust. 


When the knife was not in oscillation, it was found that the cutting 
thrust was approxinately 60 lbs. and was nearly independent of harvesting speed. 
In nost cases, the knife would cut through approximately two-thirds of the 

sample, at which point failure of the beet would occur on a 45° planes 


When the knife was oscillated at frequencies below 17 cycles per second, 
the beet was found to oscillate in unison with it, so that no effective cutting 
stroke was obtained. The cutting thrust was the same as with a non-oscillating 
kmifee As the frequency was raised above 17 cycles per second the inertia ef=- 
fects in the sample attained such proportions that a small effective stroke 
appeared. The effective stroke increased with frequency until, at 30 cycles 
per second, it was equal to the knife stroke. It was unchanged with further 


increase in frequcney 


The cutting thrust was measured for a variety of frequencies, strokes, 
and harvesting speeds. It was found to increase with harvesting speed. At 
frequencies above 30 cycles per second it was independent of stroke and fre~ 
quency but was inversely related to their product. Breakage of the samples 
became less serious as the cutting thrust was reduced, and did not occur at 
values of thrust below 25 lbs. Thrusts of 25 lbs. occurred when the ratio of 
the product of the stroke and frequency to the harvesting speed was 007. 


To check and correlate the data, the following expressions for the 
cutting thrust were derived on theoretical grounds: 


¥ (for nonoscillating knife) 
Foe K 5 (for rotating disc) 
14 
Yh 
Fe (for oscillating ‘mife) 


wheres’ lb 
F = Dowmrow thrust per unit bect diameter (=) 
K = <A constant dependent on knife sharpness R 
and beet toughness ( 1b.) 
ine 
= 18,5 lbd/in. in these tests. 
= Peripneral velocity of disc cutter. 
= Harvesting speed. 
Ym = Maximum value. of lateral velocity of oscillating ‘mife. 
= “Jl x stroke x frequency. 
Vp? %y, and vp are in the same units. 
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SUGAR BEET HARVESTER TESTS 1938-1939 


By 
Roy Bainer2/ 


During 1938-1939, beet harvester trials were conducted in Colorado, 
Idaho, Utah and California. The work was carried on jointly by the United 
States Department of Agriculture and the California Agricultural Experiment 
Station, and supported in part by funds from the United States Beet Sugar 
Association. 


The equipment tested consisted of commercial machines, farmorbuilt 
machines and machines developed at the Experiment Station. Many of the machines 
were not complete in the sense of doing an entire harvesting jobe Some were 
toppers, others lifters, while in some cases the unit consisted merely of an 
element of an experimental machine. Most of the tests were run in California; 
first, because of the location of the cooperative agencies; second, because of 
the long harvest season, which starts in the Imperial Valley about April 15, 
and ends in Northern California about December le 


Conditions in California during harvest are less favorable for machine 
operation than those encountered in the Intermountain States. Generally. speak- 
ing, the quality of thinning is poorer, resulting in more beets in multinle 
combinations. Cultivation and irrigation of beets may be discontinued as much 
as 2 or 3 months in advance of harvest, resulting in more weeds and hard, cloddy 
grounde The clods, which are more numerous than beets and oftentimes much 
heavier, interfere with lifting and separating operations. Because of the ab- 
sence of moisture the latter part of the season, top growth practically dies 
down, leaving a mass of dead leaves around the plant, thus hindering the opera- 
tion of any machine that depends upon the leaves for lifting the beet. Experi- 
ence to date indicates that any machine showing promise under Colifornia con~ 
ditions should perform much better under the more favorable conditions found in 
the Intermountain States, 


METHODS FOLLOWED IN TESTING 
Toppers and Harvesters 


After the machine was adjusted to do its best work, the beets and tops 
from 100 feet of row (usually selected in advance of machine operation) wore 
collected for analysis. Notations were made of stand, variations in height and 
arrangenent, such as multiple conbinations. 


The topping loss, due to topping the beet too low, was determined, by 
trimiing from the crown, any portion that should have been left on the beet. 


The beets were segregated into two classifications: those commercially 
acceptable and those commercially unacceptable. This was an arbitrary classi- 
fication based upon the amount of leaves left on the beets. The beets thrown 
into the unacceptable group showed no signs of any cut through the crown, dut 
in the najority of cases the leaves had been cut or pinched off. 


1/ Associate Agricultural Enginecr, California Agricultural Experiment Station. 


The beets were then trimmed for top tare, The tare was measured and 
recorded separately for each group, then added to make up the final reporte 
Beets up to 3 inches in diameter were cut squarely at the leaf scar while those 
larger were cut 3/4 inches above the lowest leaf scar, then trimmed at approx~ 
imately a 60 degree angle. Beets less than 1-1/4 inches in diameter were thrown 
oute Topping loss and tare were then added to give an index for rating machines. 


In order to have something tangible with which to compare harvester 
tests, a test was made to determine the tare for an ideal job of hand topping. 
The beets were carefully topped with one straight cut across the beet at the 
leaf scar on 3 inch dianeter or less beets, and 3/4 inches above the leaf scar 
on larger beets. In no cases were the beets topped in a manner to make then 
commercially unacceptable. The tare on these samplos amounted to 3.03 per cent. 


Checks were made of hand topping in California, Colorado and Idaho. 
4 weighted average showed a topping loss of 1.83 per cent and top tate of 2.7 
per cent. The sun of the two amounted to 4.53 per cent. 


Machine Descriptions 
Following is a description of the machines tested. 


Scott-Urschel. This machine was developed by W. E. Urschel for tho Scott~ 
Viner Coe It consists of a single row, pulled type machine, operated through 

@ power tale-off from a 25 or 30 horsepower tractor. <A pair of rubderfaced 
elevator chains grasp the beet top just as a single-point type plow, operating 
under the row, loosens the beet. The beets are elevated by their tops to a 

set of horizontal roller bers which position the beet for topping. A pair of 
rotating concave disks, set at an angle with each other to give a roof~likxe cut, 
do the tepping. The tops may be windrowed or piled, while the tonped bects are 
elevated directly to a truck or hopper. 


The Scott-Urschel machine is no doubt the closest approach to a conm~ 
plete mechanical harvester available at this time. However, its operation de~ 
pends uwo0n adequate beet tops for lifting. The gathering points lack flexi- 
bility in getting over beets of uneven height. e nethod of gauging follows 
practically a straight relationship which means that if the machine is set to 
properly top average beets, too much material will be removed fron snall beets, 
The machine has the definite advantage of separating beets from the soil, saving 
tops and handling beets in multiple combinations. By following the machine with 
one or two nen to pick up nissed beets and trin improperly topped beets, the 
Machine is able to do comercial harvesting. 


Varindle-Cut Topper. The Variable-Cut topper being developed at the California 
Experinent Station is still in the experimental stage. Its design is based upon 
data taken in California, Idaho and Utah, which show a definite correlation be- 
tween thickness of crown and the height a beet grows above the ground. The. 
nachine is constructed with n ratio linkage connection between the finder and 
the knife so that a thicker crown cut is taken fron a high beet than from a 

low onee The thickness of the cut is ganged by a self-centering finder as it 
passes over each beet. The topping is done by a flat vibrating Imife, operated 
by a reaction drive nounted on one of the knife arms. This wnique drive con- 
sists of an off-center slug rotated at 3000 revolutions per ninute (field speed 
3 niles per hour) by a flexible shaft connection to a gear box, driven fron the 
ground wheels. The slug sets up a 100-pound lateral force on the knife and 
causes it to oscillate through 3/4 inch lateral strokes 100 tines per second, 


The flexible drive allows for quick raising and lowering of the !mife without 
affecting its operation, and provides sufficient energy to force it underground. 
The unit is made light purposely to allow the finder and knife to be spring» 

loaded to hasten acceleration downward when passing from a high to a low beet. 


The satisfactory performance of this unit depends upon the arrangenent 
of beets in the field. For conditions of fairly wiiform spacing, and with not 
to exceed 10 to 15 per cent of the beets in multiple combinations, the machine 
will do work comparable with hand topping. Where two beets of uneven height 
are growing together, the high one will be topped correctly, while the other 
will be nissed or improperly topped. Due to its extrene flexibility and the 
rapidity with which the topping nechanism falls from a high beet, forward speocds 
up to 3 niles per hour are possible. 


Devey Topper. This unit consists of a driven tanden wheel-type finder and 

a cutting disk for removing the crown. Each finder wheel or roll consists of 
four 6 inch flat disks, nade of 1/2 inch steel plate, set 1-3/4 inches apart. 
One wheel dovo-tails with the other to give a more continuous surface against 
the beet. The front roll is mounted about 3 inches higher than the baci one to 
facilitate getting over hizh beets. The actual gauging is done by the back roll. 
4n ordinary 16 inch or 18 inch disk harrow blade is used for the topping knife. 
The disk blade is driven at approximately 225 revolutions per minute. A short 
length of chain operating on a sprocket on the disk drive shaft and an idler 
sprocket, brushes the beet tops to one side as they are cut off. An adjustable 
linkage connection between the frame supporting the finder and the disk sup= 
port makes it possible to change the relative position of the two to cut more 

or less crown from the beet. At the same time it provides a means for giving 

a ratio between the finder and the disk, in order to take a greater cut from a 
high beet than a low one. The machine, when tested had a variable cut ratio 

of 1625 to 1. As many as four units may be mounted on the tool bar of a gen 
eral purpose tractor, and driven from its power take-off. 


The chief disadvantage of this type of design is excessive woight. 
The only possibility of spring loading the unit for accelerating its downward 
movenent, is to reduce its weight considerably; otherwise, the beet is unable 
to withstand the force on it. The only alternative is to operate at low field 
speedse During tests, the machine was operated at approximately 1.25 miles per 
houre In one case where the beets were extremely high the machine was slowed 
down to 3/4 mile per hour to avoid skipping bects. 


The wide roll finder made it possible to keep the topping loss low. 
There was no opportunity for the finder to slip off the beets, or pass between 
doubles, either of which would allow the lmife to take an excessive cute The 
machine also handles weedy conditions very well. Topping was satisfactorily 
done in a field badly infested with morning glory. Under heavy top growth con- 
ditions, some difficulty was experienced in getting through the top growth to 
low beets. Otherwise, the tops did not interfere with proper gauging. ~ 


Zhis wiit is mounted on the tongue of a horse-drawn lifter, so 
that the beets are topped just ahead of plowing. The gauging is done with a 
single blade—type finder which is made integral with the knife. The finder is 
sharpened on the under side so that it actually cuts into the top, splitting 
the crown just as the horizontal knife cuts it off. The imife consisting of 
two wings, set at an angle with the direction of travel, closely resembles the 
blades on the shovel of a duckfoot cultivator. Flat runners, on each side of 
the finder, tend to center it on the beet. The depth of cut is regulated by the 
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relative height of the finder above the knife. This method of gauging, although 
simple, does not compensate for high and low beets. Under the dry soil condi~ 
tions at Davis, the knife would not enter the ground, so that beets with crowns 
below the surface were not topped. Eowever, this type of knife was employed on 
two toppers designed for use in peat soil. 


John Zuckerman Topper. This topper consists of a 4row self-propelled unit. 
Beets are topped in the ground by a "V" Imife similar to the one used on the 


Liberty. <A positively~driven pair of narrow-gauge wheels holds the beets in 
place while they are being topped. The machine employs a direct gauging ratio 
so that approximately the same cut is taken on each beet regardless of size. 
The tops are raked to one side by a side delivery rake. 


Roscoe Zuckerman Topper. This machine differs from the John Zuckerman unit in 
that the gauge wheels are ground—driven and a variable ratio (1.1 to 1.4 to 1) 
was built in to comensate for high and low beets. The machine is of the pull- 
ed typee The preliminary trials with this machine were not satisfactory since 
the wheels tended to sink into the loose peat soil, and tke whole machine rocked 
about its single axle. 


Great Western Topper. This unit was developed by the Great Western Sugar Company 
several years ago. It tops 2 rows and consists of a positively driven wheel 
finder with a horizontal kmife attached imuediately below it. The cut is fixed 
so that all beets are topped alike regardless of size. The finder wheel holds 
the top in place while the knife cuts through, which reduces the tendency to- 
ward breaking the beets. A side delivery rake attached to the topper moves the 
tops laterally, away from the two rows. 


Lifters and Digzers 


Topping beets satisfactorily, while in the ground, is only one step in 
the harvesting problem. An equally difficult task is that of lifting topped 
beets from the soil and separating them from clods. Ordinary lifters do not 
raise the beets sufficiently to be seen. Therefore, they cannot be picked up 
by hond without loss. Clod conditions found in California, and occasionally in 
the Intermountain States, prevent the use of machines that lift the beets and 
surrounding soil and then attempt to separate them on screens. 


Many attempts have been made to build lifters, and, in some cases these 
have met local conditions. A brief discussion of some of these lifters follows: 


John Zuckerman Digzer Loader. Four rows of ground topped beets are picked up 


by means of spiked wheels. The wheels are approxinately 3 feet in diameter. 
Each has four rows of spring-loaded sharpened spikes 5/16 inch in dianeter, 
protruding 3 inches from the surface. The beets are loosened by conventional 
winged type subsoil plows ahead of the wheel. As the wheel rolls over the beets 
they are pierced by the spikes and carried to the stripper. They fall fron the 
stripper to a cross conveyor and elevator which londs thom into a truck. This 
unit worked on a commercial basis in peat soils. It should have had sonething 
like a Rienks roll screen in it to remove the surplus soil. Approxinately 500 
pounds of soil were loaded with each 8000 pounds of beets. The spikes, being 
redial to the wheel, change position while entering the beet. This does not 
bother so much where beets are grown in peat soils because the beets are loosely 
held by the soil and they can line up with the spikes. In sedimentary soils 
this is not true; therefore, nore brealting of beets occurs. Approxinately 
20,000 tons of topped beets were handled in 1939 with this machine. 
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Di - A four~row potato digger, developed for peat 
soil pe en was rebuilt to handle beets. Conventional double blade lifters 
backed up by a lugsed conveyor and potato chains loosen the beets and elevate 
them with the peat soil to a high-speed Rienks roll screen. The beets are bounc- 
od by the screen so that most of the dirt is removed and sifted out. They aro 
then elevated to a truck which backs along behind the digger—loadere This unit 
will not work under sedimentary soil conditions. Zuckerman harvested on a 
commercial basis this year in pent soilsusing this topper and loader. 


Devey Digrer. Devey erploys a bed type lifter that straddles two rows of beets. 
Rods extending back and up from the plow points guide the beets and soil to two 
transverse, horizontal square rods immediately behind the standardse The square 
rods are 6 inches apart and are equipped with picker fingers. They are driven 
so that the top of the rods rotate away from the plow. As the soil mass and 
beets move backward relative to the plow, the rods assist in maintaining an 

even flow. At the same tine the picking fingers engage the bects, lifting then 
to the surface. A subsequent mechanical pickup operation has not been developed. 


Braden Lifter. The Braden lifter consists of a double blade plow having long 
blades, which loosens the beets and elevates then into a noving "V" shaped 
elevator. The elevator is made of potato chain and extends from the plow points 
to a dump hopper at the rear. This machine works satisfactorily only if the 
soil is loose and friable. The open elevator permits loose soil and small clods 
to fll out as the beets are conveyed to the receiving hopper, which may be 
dumped when full. An extension on the elevators wouléc make it possidle to 

load directly into a truck in cases where dirt is satisfactorily renoved. 


Exerinental Vibrator Lifter. A brief description of a rather novel elenental 
vibrating device for lifting topped beets to the soil surface may be of inter 


este It is necessary to point out, that most of these experinmontal devices are 
quite crude in their early development, but they illustrate possible methods of 
attack, and denonstrnte principles, which in tine may have practical signifi~ 
cance in lifting beets and subsequently separating them from clods.e The Vib= 
rating unit consists of two horizontal rods joined to form a "V" with the open 
end extending in the direction of travel. The "V" is carried by four vertical 
supports which are driven by counterbalanced cranks. A small engine drives the 
crancs at 1500 revolutions per minute. The throw of the cranks is 1/2 inch, 
which gives a lifting stroke of 1 inch for each revolution. The unit is pre~ 
ceded by a double pointed plow for loosening the beets. The "V" engages the 
beet just below its bulge. Its action is first that of brealting up the soil 
adjacent to the beet; and secondly, raising the beet b;, successive short lifts. 
The beet is contacted as soon as the space between the rods is equal to the 
diameter of the beet, which means that as the machine is pulled forward along 
the row, each beet is contacted, regardless of size. Several preliminary runs 
have been made with this elemental device. All of the beets in the row were 
lifted to the surface afd at the same time the clods were considerably reduced 
in size. Some of the tap roots were broken, due tc lack of clearance and de~ 
sign of the "V", However, the experimental unit shows promise in its ability 
to lift beets free of clods. Further development work, making use of these 
principles, is in progress at the California Experiment Station. 


Two of these loader units were built and used in California the past 


season, One was built by Frank Alvos of Buttonwillow, California, the other 
by Je Pe Rapetti, of West Sacramento, California. The latter only will be des= 


cribed. 


The Rapetti Loader. This unit is built around the chassis of a Holt "45" 


tractor. A cross draper made of old belting 18 inches wide spans 11 beet rows 
(20 inch spacing). A cleated elevator, consisting of another length of belt, 


carries the beets from the conveyor into a bin. 


The back stop on the cross 


conveyor is interchangeable from one side to the other. This was necessary to 
operate the machine in either direction. This latter feature clininated the 
necessity for turning completely at the end of the field. Power for driving 
the tracks, cross draper and elevator is furnished by an automobile engine. 

An auxiliary transmission between the engine and the final tractor drive makes 
it possible to operate the machine in either direction at approximately 1000 
feet per hour. Topping is done by 8 men working on 12 rowse Two men top from 
3 rows, throwing the topped beets énto the cross conveyor for loadings The bin 
over the chassis has a beet capacity of approximately 4 tons. The trucks used 
for hauling carried 8 tons por trip, so that 2 bin loads were required to make 


one truck load.» 


A summary of a field test on the machine follows: 


Area of test plot (acres) 0.47 
Yield on test plot (tons per acre) 16.8 
Speed of topping and loading (miles per 
hour) 0.17 
Area covered topping and loading (acres 
per hour) 0.41 
Rate of topping and loading (tons per 
hour 6288 
Beets per hundred feet of row (number) 109 
Number of rows topped 12 
0.04 


Acres per worker +» per hour 
Tous per worker per hour 


Crews 8 toppers 


1 operator 


1 man placing beets in bine (Better design would 


eliminate this man.) 


The time for transferring beets from the bin to the truck was ®1/2 


minutese The same lengt: of time was required for turning the machine at the 
ends The time for unioacine could be eliminated by transferring beets without 
stopping the machine. The turning time could be reduced by providing a gear 
change for speedine up the machine at the end of the field. The lost time in 
turning once and transferring 3 tons to a truck cost the grower, in wages, 


$0.87 or approximately $de11 per ton. 


The time lost, however, might be charg 


ed to rest perio¢ts, The lavor cost for topping wd loading a 158 ton crop 


with Rapetti's loader totaled $12.23 per acre. 


Ac the present rate, the cost 


for hand topping and loading, in the same area, would be $14.38. The labor 
saving amounted to $2.15 or 16 per cent reduction below the cost for hand work. 


This does not take into consideration machine costs» 
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Topped Vse Mac! Topped Bects. 

A comparative test was run with the Alvos loader (similar to the 
Repetti) in which beets were hand topped and loaded in one easo$ and in ancther 
machine topped bects, plowed with the ordinary beet lifter, were loaded by hand. 
fhe -xate of loading, in the latter case, was twice that when the topping was 
done by hand. However, difficulty was experienced in finding topped bects. 

This practice would not be practical wless the beets were brought to surface 
visibility in the lifting operation. 


Other Machines 


Pucblo Harvester. The Pueblo harvester is a single-row unite. Untovzped bects 
are pulled by means of a lifter of the double=blade type equipped with exten 
sion rods, and then elevated by means of a slatted draper to a sorting convey~ 
ore The beets are picked from the conveyor by hand and fed into circular top~ 
ping sawse The topped beets are then elevated to a hopper from which they aro 
dumped in piles, while the tops pnss through the machine on the conveyor and 
fall to the ground. Under California conditions a considerable amount of dirt 
was Clevated with the untopped beets and this was nixed with the tops dy the 
time they had reached the ground. Power for operating the machine as well as 
pulling it in the field was furnished by a 14 horsenower rowcrop tractore 
Considerable difficulty was experienced in keeping the machine on the rowe 
This was partially due to an offset hitch on the overloaded tractor, and to the 
fact that there was no provision for steering the machine other than through 
the tractor. 


Four operetors were used} two picking untopped beets off the con- 
veyor and laying them on cleated belts to feed the topping saws; and two posi~ 
tioning beets into the topping saws as well as picking up beets missed by the 
other workers. A tractor driver was required. At the rate traveled (1.06 
miles per hour), 25.8 man-hours were required to lift, top and pile an acre of 
beets (24.6 tons). This is 28 per cent greater than the labor required to 
lift, top and windrow the same tonnage by hand under the same conditionse The 
topping imives on this machine are quite hazardous. They could not be ade~ 
quately shielded because of the nature of the work. Operators had to be ex 
tremely cautious not to get their hands into the knives because of the unm 
steady footing furnished by the moving machine. 


—Oliv r ers A discussion of this machine will 
be omitted since it is being covered in another paner. 


Summary 


Typical test runs made on several different harvesters are reported in 
Table I. The Scott-Viner and Pueblo are the only complete harvesters in the 
group. The others are "in place" toppers only. 


The tare on the beets in run 4 amounted to only 1.6 per cent at the 
factory. Large beets were not tared to 3/4 inches above leaf scar by this 
companye Beets left in the field, run 5, amounted to 3 per cent dy mumber. 
Run 6 was made in machine-thinned beets. In run 7 the factory tare (Colorado 
Standard) was 8.6 per cent. The field loss in run 8 amounted to 4.2 per cont 
which was partially due to horizontally~growing tops. While many beets in 
run 9 were judged unacceptable, the tare on these amounted to only 6-7 per 
cente 


The quality of work done by the variable~cut unit, runs 10 to 16, was 
rather consistent in each state where tests were made. 


Run 17 is the average for 5 runs made with the Devey topper under very 
favorable conditions. 


Runs 18 and 19 were made in a field badly infested with morning glory. 
The operation of the machine was not influenced by the heavy weed growthe No 
trouble was experienced with vines winding dm the revolving parts. The beets 
in this field were quite large. Several beets in the test row weighed 12 to 
15 pounds, with one weighing 24 pounds. In other words, these runs show per= 
formance under rather adverse conditions. 


The field in which run 20 was made had a very heavy growth of tons with 
"»yineapple" crowns. Many were 6 inches and 7 inches above the ground. Some 
difficulty was experienced in getting through the top growth and topping the 
low beet correctly. The heavy growth did not interfere with the gauging of 
the beets that had grown high above the ground. Speed had to be dropped to 
3/4 mile per hour to allow time for the topping unit to fall from high beets. 
Factory tare amounted to 5.72 per cent. 


Both Zuckerman machines, runs 21 and 22, were designed for operation in 
peat soils. John Zuckerman reported an average factory tare of approxinately 
4 per cente 


Run 23 represents the best performance rather than the average for 
this machine (3 runs). The operators knew that tests were being run so they 
did their best. The field loss amounted to 1.81 per cont. 


TABLE I 


SUMMARY OF BEET HARVESTER TRIALS 1938=39 


Run Machine Location Speed Stand Yield Acceptably Top Top Combined 
mph T/A topped Tare Loss Tare and 
by wt. Top Loss 


Liberty 2el 74.4 7.7 1.7 9e4 

220 65.4 2085 2676 5-61 
Gr. West. 2.1 89.2 58 820 
Scott- 100.0 2263 


Urschel 
tt 


95.98 2276 4.3 
98. 56 4. 28 58 
94.0 4.87 5098 
86.2 3-46 4,49 
74.7 3230 5e24 
97212 : 4.0 


OO 


100.0 402 
96.74 4,46 
99.46 3046 
99.86 30838 
99.237 4.03 
98.63 3e21 
97. 7 4.44 
95.8 2057 
95.5 4081 
92.4 5262 
94.5 7edl 


a 


90.6 9059 
100.90 2027 


SUGAR BEET SEED THRESHER AND CLEANII'G EQUIPMENT 
EK. W. Bockstahler and Ralph fF. Scanans2/ 
(Cooperative investigations with the Anerican Crystal Sugar Company) 


Machines constructed at Rocky Ford, Colo. for threshing and cleaning the 
relatively small lots of sugar=bect secd as obtained in sugnrmbect brecding 
investigations were denonstrated, as follows: 


(1) Combined thresher and cleaner. This michine was dovised to thresh 
and clean seed of individual sugar—beet plants, or small group of plants, at 
one handling. The outfit as devised removes the seed from the stalks by means 
of a rotating cylinder equipped with teeth; the seed is screened through a 
coarse-mashed screen onto the draper; the draper removes leaf trash and small 


1/ Junior Plant Pathologist and Field Assistant, respectively, Division of Sugar 
Plant Investigations, Bureau of Plant Industry, U. & Department of Agricul~ 
turee 


Coloe 2.29 102 10.4 
a 22351 84 18.2 
Idaho 1.80 93 20.6 
220 95 28.3 
a Variable- Calif. 2.9 110 14.8 
Cut 
2.75 95 17.7 
" 228 91 21.2 
8 Colo. 2.75 102 10.4 
2.75 84 18.2 
|| 8 Idaho 2.75 95 20.6 
16 2.75 95 28.3 
17 Devoy Calif. 1.25 93 27.3 
18 1.26 86 26.7 
1.20 93 45.4 
20 0.77 127 «41.0 
21 Roscoo bd 1.87 127 23.8 
Zuckerman 
22 John ® 2.25 88 23.0 
Zuckernan 
23 Pucblo 1.06 103 24.6 


picces of seed stalk, the principle of separation being thnt the secd balls 
bounce and roll down the rotating canvas band of the draper as the sticks and 
trash are carried over the top of the draper band. 


(2) Suction seed separator. In this apparatus, the draft fron a suction 
sweeper fan is utilized to elevate the sugar~beet seed and discharge it slowly 
in the separation chamber into an upward air draft which carries light seed to 
a hopper at the top of the machine, the heavier seed falling into a hopper at 
the base of the separation chamber. The draft is adjustable and a sample of 
seed can be run repeatedly through the machine with varying degrees of updraft 
in order to obtain the type of separation desired. 


(3) Polisher for sugar=beet seed. A machine was devised to renove excess 
corky tissue from the seed balls and to crush light, ompty seed balls. It con- 
sists essentially of (1) a helicoid feed nechanism to advance the scod from the 
hopper into a cylindrical chamber, and (2) a control shaft which runs the long 
woy of the cylindrical chanber and which can be rotated slowly. The shaft is 
studded sparsely with peglike teeth. As the shaft rotates, the seed balls 
within the chamber are ground against each other. The polished seed balls 
spill out of the end of the cylindrical chamber, the rate of movenent being 
governed by the elevation angle given the cylindrical chanber. 


(4) A wind blast, single-screen fanning machime for sugar—beet seed. 
A machine of simple construction consisting of a hopper, shaking screen, and 
wide paddle fan to furnish the wind blast has been devised to handle larger 
quantities of sugar~beet seed for which a primary, rough separation following 
threshing is desired. As the seeds md stems emerge from the hopper and move 


along the screen, the wind blast (subject to control) from the fan is intro- 
duced under the screen near the hopper feed. The larger stems tend to remain 
flat on the screen until they are discharged at the open end. The seed and 
short stems fall through the screen onto a sloped troughe The trough serves 
not only to collect the seed but serves to encase the shaking screen and 
direct the air blast. 


Section F. Chemical — Chairman: EH. W. Dahlberg 


SULPHITES IN SUGAR HOUSE PRODUCTS 


Origin and Control 


F. S. Ingalls 


The study of sulphites in sugar house products has been one of rather 
wide scope extending into each unit of the Utah-Idaho Sugar Company's group of 
factories. Organization members from each has contributed toward the general 


survcye 


The initial investigation consisted merely of the determination of 
the sulphites in the granulated output at each factory using the method of 
direct titration with standard iodine into 100 ems. sugar dissolved in 150 ml. 
freshly boiled and cooled distilled water. Inorganic SQ only was considered 
and the total iodine absorbed was calculated to SOs. Results from the initial 
survey showed wide differences in the SO, saturation of our granulated sugar 
not only as betweon plants but also as betwoen strikes at the same plant, 
reaching a high of 170 ppme and a low of 35 ppm. One plant however, produced 
sugar generally falling in the lower bracket while from another the granulated 
carried saturations within the higher ranges. Thus, we had two plants operat— 
ing according to the recognized standards of the day, yet producing sugar 
strikingly different insofar as the sulphite sulphur content of the product 


Was concernede 


_Growing interest in control of the sulphites prompted further study 
with respect to source and probable quantities of the salt. Survey was com 
menced covering the battery supply water, kiln gas, lst and 2nd carbonation 
juices, thin juices, thick liquors and massecuite. The S05 determination of 
materials up to the thin liquor failed to reveal SO, in any quantity. However, 
the thin liquor in all cases carried a relatively hSavy saturation of S0., 
pointing definitely to the fact that presence of sulphites in the liquors is 
directly traceable tc use of sulphur dioxide in the process of manufacture. 


Samples of thin liquor were collected from seven of the operating fac 
tories and immediately analyzed. Determinations for SO, were made by dis- 
tillation following the scheme described under "Official Method - Association 
of Official Agricultural Chemists." Results from analyses of the juice col- 
lected showed a relationship between pH and degree of SOo saturation. In gen- 
eral, the degree of SO> saturation varied inversely with the pH, although a 
lack of correlation between the two lead us to suspect a satisfactory control 
of the sulphites would involve regulation over the juices even before the 
addition of sulphur dioxide. 


The next step in our investigation involved study of effect fron 
changes in lime addition per cent on beets, alkalinity of the first carbona- 
tion juice, pH of second carbonation juice, pH and SO» saturation of the thin 
liquor. Changes in lime addition where batch carbonation was exmloyed appeared 
to be a factor; with all other values constant, sulphites in the granulatod 
wore found to be in the lower regions when tho lime addition excecded 2.4% Cad 
on beets. Alkalinity of the first carbonation juice, when held within the 


linits necessary for proper filtration and normal colors, is definitely not a 
sulphite control feature. 


During carefully regulated periods in which pH of 2nd carb. was varied 
and pH of thin juice held within narrow linite, the S05 saturation of the 
thin juice followed much nore closely pH of the thin alles than during any 
previous survey. 


This study was followed by one arranged to determine a desirable com 
bination between pH of second carb. and pH of thin juice, with second carb. pH 
running from 8.6 to 9.0 and thin juice pH running from 7.4 to 866. Fron data 
assembled during the study, it appeared that SO. concentration of the thin 
juice reached its maximum when a relatively high pH second carb. was sulphured 
to 7e4 pH, 724 pH at this time being designated as the low point in the toler~ 
ant linits for thin juice. The minimum SO2 saturation was obtained as a re- 
latively high pE second carb. was sulphured to 8.6 pH. 


Selecting from the lot of tests a group where the pH drop was constant 
at «4 second carb. pH running from 8.6 to 9.0 and thin juice pH from 7.4 to 
8.6, the lowest thin juice saturation followed the sulphitation of 8.8 pE 
second carb. to 84 thin juice. Sulphitation of 9.0 pH second carbe to 85 pH 
thin juice, showed a somewhat higher SOo saturation of the thin juice than did 
the 8.8 ~ 8.4 combination. 


Control of the thin juice pH to measurenents falling within the region 
above 84 was at first viewed with some concern, particularly respecting effect 
on the sugar and simple syrup colorse Eowever, colors have been generally 
better since higher pH controls were established, although no clain is made 
that higher pH were instruments in the improvement of colors, since several 
other process refinements have been put into force during the past few years. 

_. Qwoting values from our 1939 General Laboratory Report, sulphites in 
the granulated sugar fron the factory during which the tine of initial survey 
showed sulphite concentration up to 170 ppm. now show an average sulphite of 
7e7 and sulphites in the sugar from the factory formerly showing 35 ppm. now 
show an average to date of 4.9. Other factories of the group are showing gen~ 
erally low sulphites with periods wherein the saturation reaches one and two 


pple 


Conclusion: Always assuming sufficient lime addition and first carbon- 
ation manivulations of character to provide desired reactions within the first 
carbe tanks, we have found that further carbonation during the second stage 
preceded by heat on the high alkalinity side and carbonated to a pH of 865-9.0, 
followed by SOo saturation to pH of 8.4-8.6, will provide thin juice fron which 
sugar of relatively low S02 content may be expected. 


In closing, acknowledgement is made for the many helpful suggestions 
offered from the Bureau of Agricultural Chemistry and Engineering throuch Mr. 
Je C. Keane who was associated with the Division at the time our survey com 


nenceds 


R. J. Snith 
Holly Sugar Corporation 


I fecl it is in order to make a few preliminary remerks regarding 
points in connection with the procedure and results of test work involved in 


deternining sugar losses in storage beets. 


There is a loss of sugar in beets during storago regardless of condi- 
tions under which they are stored, for during the life of the bect, its sugar 


is being used for respiration purposes. 


Sugar losses are greater for longer periods of storage and where 
higher temperatures are encountered. According to experinental results by 
Dre Classen, the temperature of beets in piles is higher than that of the 
surrounding air. This is one point on which we have no data on our test work. 
With the higher piles of the present, there should not be the radical temper- 


ature changes throughout the pile that would prevail in low piles. 


In the earlier days of the Beet Sugar Industry, methods of storage 
consisted nostly of storing in beet sheds of large capacity or in low piles 
where, in the latter case, the area exposed to the elements was very great. 
Tests were made to determine the extent of the loss of sugar during the stor 
age period, and reports of earlier tests, by others, show sugar loss of beets 
in sheds to be greater than in piles and as a result, shed storage is now 


usually kept at a ninimn. 


-- In more recent years there have doen numerous developments and im 
provements in nethods of harvesting, receiving, and storing. At the present 
tine harvesting can be completed much rore rapidly with facilities for re- 
ceiving and storing being geared up to keep pace with faster deliveriese 


The problem of storine is still a major one as larger tonnases are 
now in storage, part of which were formerly undelivered by the growers until 


a later date. 


Handling equipnent has been greatly improved so bects enter stornge 
with much less foreign naterial, which is one cause of deterioration, and the 
surface exposure per ton in storage is greatly reduced because of the large 


increase in depth of pile. 


Since under present conditions, harvest can be, and normally is, fin- 
ished in a shorter period of tine, it permits delay in start of deliveries 
with lengtheninz of the growing season tending to increase sugar content, and 
nake a more nature beet that should hold up better in storagce 


In order to determine suzar losses under present nethods of storing 
it was decided to make tests using a rather simple system and one which it 
was believed would zive fairly accurate and representative results. We are 
not aware of the previous use of this method of storing by means of "what nay 


be terned the "basket systen! ", 


No attempt was made to choose samples for these tests but instead they 
were taken as they came from the general run of beets as delivered. 


The procedure was as follows: 


le A sample of 100 beets was taken from a load delivered at the factory re- 
ceiving station just before the load was dumped into the piler hoppere 


2. This large sample was divided into two samples of 50 beets each by picking 
alternate beets, one lot to be placed in the storage pile, the other for in 
mediate testing. 


3. One sample was carefully cleaned, avoiding any damage to beets, then plac- 
ed in a basket made of fine mesh wire. This permitted free circulation of air 
and lessened the chance for loss of small pieces of beets that might de broken 
off. The sample was then weighed and a tag was attached showing Sample Number, 
Date and Weight. The basket of beets wes then located in the pile with a 

marker placed on top of the pile and above the sarmle. 


4. Samples were located in the pile near the bottom, center, and top and so 
distributed as to represent average conditions throughout the pile as closely 
as possible. 


5. The duplicate sample was at once taken to the laboratory where the beets 
were carefully cleaned, weighed, each deet quartered, one quarter of each 
beet saved and the quarters composited. This composite sample was then passed 
through a cossette grinder and the ground beets thoroly mixed. Determinations 
were nade in duplicate for moisture, sugar content, and for purity. These re~ 
sults were for later comparison with those of the duplicate sample which had 
been placed in the storage pile. 


6. As beets were being sliced from the storage pile, the sample baskets were 
renoved as soon as exposed, They were taken at once to the laboratory, weigh- 
ed, the beets quartered, ground and carefully mixed. Duplicate deternina- 

tions were made for noisture, sugar content and purity for comparisons with 
the other half of the sample taken at the time the beets went into the pile. 


Many baskets of beets were placed in storage piles that were danazed 
by shovels when beets were being removed for slicing. These were a total loss 
for test purposes and only results of tests of beets in undamaged basicets were 
used in compiling the data included in this paper. 


Results of tests on Samples at Factories No. 2 and Noe 5 show a sub- 
stantial decrease in sugar content of samples of Beets Out of Pile from those 
into Pile, also the higher Sugar Loss in samples at those two factories. In 
the case of both these factories, adverse weather conditions prevailed during 
a considerable part of both harvest and storage periods. There was greater 
variation in Sugar Loss between individual samples at these two factories than 
at any of the others involved in this test work. , 


"Moisture Loss % on Beets 4 Sugar Loss % on Beets" is a figure obtain~ 
ed fron analytical results and was calculated for comparison with actual % 
Weight Shrink in these samples. The results check very closely. 


Results of tests for the first year series show an average of -49 lbs, 
sugar lost per ton beets per storage day. For the second year series the aver 
age is .50 lbs. per ton per storage day. 


Serie 


Ye 


Factory 1e This was a shovel pile approximately 7 feet in depth. The samples 
went into and came out of the pile in fine condition and weather was good dur~ 
ing the storage period. Samples averaged 42 days in this pile with a sugar 

loss of .25 1b. per ton beets per storage day. 


Factory 2-e This was a Piler pile and most samles placed in the pile were in 
good condition. About one half were removed in good shape with part of the 

balance being fair and the remainder badly decomposed. There was considerable 
snow fall after the middle of October and generally very low temperatures from 
November 15th to the close of run on the first of the yeare 


Average number of days samples were in storage was 38, with a sugar 
loss per ton per day of .76 lbs. 


Factory 3. The samles were planted in good condition in a Piler pile but 
came out with some slight mold and rot after being in storage an average of 
25 dayse The loss of sugar per ton per day averaged .24 lbs. with fair dsy 


weather prevailing during the period of storage. 


Factory 4. Samples were placed in both Pilar and Shovel piles, the beets in 
good condition. Weather was good during the storage period. Approxinetely 
of the samples were removed from stornge in good condition with the re- 
mainder showing slight mold. Samples avernged 38 days in the piles with a 
sugar loss of e29 lbs. per ton per ary. 


Factory 5« The samples into Piler storage were good while some to the Shovel 
pile were good and some frosted. There was intermittent rain and snow after 
the middle of October for the balance of the harvest period. Temperatures 
after November 15th were generally low, freezing the beets badly, this con- 
tinuing up to the close of slicing in January. 


Average time samples were in storage was 51 days with a sugar loss of 
066 1b. per day 


Factory 6. The beet sarmles went into the Piler storage in good condition. 
Coming out of storage most were good with the balance showing some rot and 
mold and partly soft. The sugar loss per ton per day was 42 lbs., with 


average time in storage of 26 days. 


Samples for the first year series averace 16.40 percent Sugar and 
85.3 Purity. For the series of the second year the sugar content is 16.25 
with 85.3 Purity; therefore the beets for the two year’s series are almost 


identicale 


There are several important points which, if adherred to, should aid 
materially in reducing sugar losses. , 


Frosted or diseased beets should be kept out of storage piles. 
2. Only clean, trash-free and mature beets should be storcd. 

Se Reduce the time in storage to the minimun. 

4. Development of some means of lowering temperature of beets in 
piles that will be practical from the standpoint of large scale 


operation. 


4 tabulation of average results for each factory, as well as the aver~— 
ages for each series is incorporated in this paper. 
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4 PRELIMINARY REPORT OF PETIOLES ANALYSIS AS AN INDICATION 
OF TEE FERTILIZER REQUIREMENTS OF SUGAR BEETS 


0. R. Koontz and Geo. Goldfain 


At the time we were asked to prepare this paper we were pleased to 
be afforded this opportunity, and had outlined a number of experinents that 
would have made this paper more worthwhile. Due to a transfer of one of the 
authors to another locality during the summer, some of the experimental plots 
were lost and the final objectives lost or incompleted. We, therefore, wish 
to offer this paper only as a preliminary report in the hope that it may 
stimulate further experimentation by more sugar chenists. 


One of us once worked with a very estimable chemist who formerly 
taught Chemistry in one of the better Colorado Universities, and one of his 
statenents regarding chemists was as follows: "There are research chenists, 
chenists, sugar chemists and morons", We will classify ourselves somewhere 
in the substrata below the sugar chemist level. We have written this paper 
with the hope that it may benefit the average factory chemist equipped with 


average laboratory equipment. 


During the early stages of evolution of soil sciences chemical analyses 
of soils furnished the chief means of soil diagnosis and the more three general 
systems of soil analysis practiced for a long time were total soil analysis, 
analysis of soil portions soluble in strong acids and analyses of dilute acid 
or water extracts of soils. These results were used in varying degrees to 
interpret the quality of soils with respect to their content of nutrients 
either harmful or beneficial to various types of crops. 


The first two methods have given valuable information concerning chen 
ical compositions of soils but also determine constituents not immediately 
soluble in soil solutions for ordinary cropping conditions. These results are 
therefore of little value for purposes of correlating the fertilizer require~ 


ments of soils with the analyses. 


The third method named has heen the most popular in latter years chief~ 
ly because of the part played by the soil solution and the easily soluble soil 
contents in maintaining plant growth particularly during its critical periods. 


In the everlasting search for more suitable methods the Winogradsky 
biological method was next developed and has been commonly called the spontan— 
eous culture method. After numerous tests and applications under practical 
conditions the value of this method seems to be quite linited and has been 


relegated to the background. 


Following this, methods were developed wherein buffered solutions were 
used for extracting the soil. The results obtained by such methods indicated 
more accurately the elements available for plant growth. Various types of 
buffered solutions have been used and analytical methods have been developed 
by such eminent men as Morgan, Carolus, Thornton and Brown whose phosphate 
nethod is now used exclusively by The Great Western Sugar Company. 
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The aforementioned researchers then realized the possibilities and 
value of petiole analyses as indications of soil fertility requirements. 
Messrs. Gardner and Robertson were among the first to work on petioles grown 
on western soils. 


Encouraged by the splendid results of these experiments we decided 
to follow up the study as it applied to our own locality. We make no claim 
to originality as most of our methods used are adapted with slight modifica- 
tions from the methods set forth by these earlier men. Much of the past work 
has been carried out on plants other than sugar beets and we feel that this 
type of work may well be conducted by the factory chenist for the sugar beet 
industry. 


The factory chemist is on the ground throughout the growing scason and 
has 6pportunity to observe all types of cultural practices on good and poor 
types of farms. He also has the opportunity of sampling petioles under vary— 
ing conditions of drought, moisture, hail and insect injuries as well as bacter~ 
ial and virus diseases. 


We know by actual observation that metabolism is affected by these 
conditions and that petiole analysis under such conditions is not a true 
measure of fertilizer requirements. Under true research conditions these 
adverse factors could be carefully controlled but in the practical state these 
factors must be considered and readily recognized in order to correlate petiole 
analysis with soil needs. 


These studies can best be made in the field and for this reason the 
problem is well adapted as research for the factory chemist. 


Our work on petioles was first conducted in the Lyman, Nebraska area. 
In thts work we have assumed that healthy plants making vigorous growth on 
favorable soil will select the plant nutrients in concentrations most favor~ 
able to their needs. Most of the analyses reported in this paper are based 
on such comparisons and in our early work no attempt was made to ovaluste the 
nutrients in terms of parts per million of plant tissue. We evaluated them 
in a manner similar to that used by earlier workers, is e+, comparative terms 
of low, medium, and high. 


We tried a series of pot tests on a soil known to be deficient in 
phosphate and on which blackheart had definitely developed during the previous 
yeare Seven groups of pots were set up as follows? 


Group Noe Humber of Pots Treatment 
100# Superphosphate per acre 
200# 
400% 
" 
200# Sodium nitrate 
200# Superphosphate 
6 fons Calcium 
Carbonate 
200% Sodium nitrate 
No treatment 
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Seed planted on March 6th began to sprout on March 14th but due to 
poor conditions of temperature and ligat growth was slow. I+ was not until 
May 28th that the plants were large enough to sample. This first group of 
pot samples are referred to the color charts in the bulletin by Me F. Morgan- 
Number 372- "The Universal Soil Testing System"= Connecticut Agricultural Ex 
periment Station. The terms Eigh, Medium and Low should not be confused with 
the terms High, Normal and Low used in describing the field samples taken 
later. Even at their best the potted plants never contained the nign concen— 
trations of the field plants. At the beginning of the experiments phosphorus 
was the only element determined, 


On May 28th all groups were tested and all were about alike giving 
what we would call a medium high by the color chart. One week later all 
pots were again tested. Groups 1, 2, 3, 4 and 5 still gave a nediwm high 
phosphorus test. Groups 6 and 7 gave medium tests. On June 12th grows l, 

2, 3, 4, and 5 still gave medium high tests. Groups 6 and 7 had dropped to 
lowe On June 20th groups l, 2, 3, 4, and 5 remained medium highe Group 3 
containing 4007 superphosphate per acre contained no more than group 1 con- 
taining 100# of superphosphate per acre. Groups 6 and 7 had dropped to very 
low and contained scarcely enough phosphorus to give the test. Ten individual 
plants from group 7 showed little variation. 


By this time the potted plants were sickly in appearance and growth 
had almost stopped. This was true of all groups, the untreated plants appear 
ing as good as the treated onese The plants in the field had far outgrown 
them. It was decided to abandon the experiment on pots and work on plants 
from the fields. 


As early as June 5th we obtained plants from the fields. We selected 
virogous and healthy plants growing on soils that have produced good tonnage 
and high sugar. When we compared our tests of these with the color charts we 
had quite a different picture. We give here an average of several comparisons, 


Nitrate Nitrogen 
Phosphorus High 
Potassium Extra Eigh 


Calcium High 
Magnesium Medium 
Aluminum Low 
Iron 


These high concentrations exist in the young healthy bect, but as they 
increase in size and the season advances the concentration diminishes. From 
this point on analysis will be reported as Normal, High and Lowe Wormal mean- 
ing the concentrations in normal beets growing on good soilse High and Low 
meaning very definite differences. No attempt is made to draw fine distinctions. 
Many individual samples from the same soil were tested growing side by side. 
Then, as now, we are not concerned as to whether the petiole contains 3 or 5 
perts of phosphorus per million, but whether it contains 5 or 40 pm. 


The remainder of the work consisted of testing field samples.e In 

selecting these samles we looked for evidence of abnormal growth ond in par~ 
ticular, fields showing evidence of blackheart. Some examples of the general 
results are given here. 
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June 29¢h. 


Beets growing on the Meyer farm showed a slackening of growth and were 
not as large as average beets. They needed irrigation. The analysis of the 
petioles was as follows: 


Very High ~ 4 to 5 times norual 


Nitrate Nitrogen 


Phosphorus Twice as high as normal 
Magnesium Twice normal 
Potassium Thrice normal 


Iron Low 


The analysis of the soil on which the beets were growinz, in terms of 
Morgen's standards, was as follows: 


Nitrate Nitrogen 70% per acre 
Phosphorus 
Potassium 
Magnesium " 
Iron 


At harvest time this field yielded 12.85 tons per acre with 15.8% 
sugar content. 


July lst 


Samples taken from Foster field. 
had been slight for the past ten days. 


These beets needed water and growth 
Analysis of petioles is as follows: 


Nitrate Nitrogen 3 to 4 times normal 


-- Phosphorus 2 times normal 
Potassium 4 times normal 
Magnesium Nornal 


Iron Low 


Soil from the Foster farm: 


Nitrate Nitrogen 40# per acre 


Phosphorus 
Potassiun 800-7 
Magnesiun 
Iron 


The final yield on this ficld was 8.53 tons per acre with 17.4 sugar 
contente 


August 10th 


4 field on the Stricker farm developed what we believed to be black- 
heart. A large percent of the beets were affected. Apparently healthy beets 
were growing within two or three feet of the affected beets. The field had 
had a light irrigation the previous week. Samples were taken fron the healthy 
beets and the affected ones. Analysis is as follows: 
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Healthy Beets Affected Beets 
Vitrate Nitrogen Normal High 


Phosphorus High Low 
Magnesiun Nornal Nornal 
Potassiun High High 
Iron Highest found in Low 


all tests 


August 12th 


A field on the Walter Butcher farm had shown good growth wp till 
August lst. A condition resembling blackheart had developed through the 
field with the exception of an area on which a straw pile had burned or 

rotted. The beets in this area were very fine and growing well. Samples 
taken from both areas compared as follows? 


Beets on strawstack area Rest of field 


Nitrate Nitrogen Nornal Eigh 


Phosphorus High Low 

Magnesiun Nornal Nornal 
Potassiun High High 
Iron High Low 


August 15th 


A sample from the Shultz farm. These beets were slowing down in growth, 
end had been watered the week before. A large percent of the deets around 

the edges of the field had developed a yellowing of the leaves. This was not 
the characteristic yellow due to the loss of nitrogen but a more intense color, 
it being about half the shade of a lemon peel. In some cases there were yel- 
low and green leaves on the sate plant. Tests from the green and yellow 
petioles from the same plant gave the same analysis. Healthy beets were sel- 
ected growing near the affected beets, The analysis was as follows: 


Healthy Beet _ Yellow Leaved Beet 


Nitrate Nitrogen Nornal Norual 
Phosphorus Nornal Low 
Magnesiun Nornal Normal 

Iron Trace None 
Potassiun High Highest in any test 


August 24th 


A field of beets on the J. K. Butcher farm developed spots of black- 
hearte Samples were taken from the affected beets and about five feet away 
satiples were taken from healthy bects. These tested as follows: 


Unaffected B Affected Bects 
Nitrate Nitrogen High Slightly below Yornal 


Phosphorus Low Very Low 
Potassiun Nornal Jornal 
Magnesiun Nornal Low 

Iron Low Trace 
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Further study and nore information from other authors previously men 
tioned in this paper influenced us to change our original techniquee Later 
experience has taught us that while the dyphenylanine tests for nitrates gave 
good results in Mr. Morgan's hands we were unable to obtain consistent results 
with it. 


The changed technique also led to a discovery which we believe to de 
of importance. We were working on petioles which gave low phosphate tests. 
The procedure for this analysis at that tine was to grind two grams of petioles 
with approxinately .25 grams of Darco and 10 ml of a 2% acetic acid solution. 
This was filtered and 5 nl were mixed with 5 ml of Brown's reagent, Truog in- 
dicator added for color development and comparisons made after ten ninutes. 
The solutions given by these petioles showed a greenish cast which interferod 
with final color comparisons. In the effort to overcome this we tried charring 
two grams of petioles in a platinum dish over a flame at a dull red heat. On 
taking up this charred residue with the two percent acetic acid solution and 
filtering, we obtained a clear solution and much to our surprise obtained a 
higher phosphorus test. We repeated the experiment with like results. 


After this discovery we made it a point to ash all petiole samples 
found low in phosphorus and obtained a much higher reading. This led us to 
believe that sone of the phosphorus was in an organic form. We tried ashing 
petioles with magnesium nitrate and taking up both with acetic and hydro~ 
chloric acid. We did not obtain higher phosphorus tests on these sazples than 
we did on the charred samples. From then on we nade it a practice to char all 
petiole samples. This gave us much more consistent resultse 


We found that charring petioles giving a high phosphorus by the old 
method did not increase the test materially, but in low phosphorus tests 
charring materially increased it. 


- 


We are not prepared to say definitely what function the organic phos-— 
phorus plays in plant metabolism. We do know however that beets beginning to 
be affected with blackheart show a rapid decrease in both organic and inorgan 
ic phosphorus. We observed one case wherein beets growing on soil which had 
previously given a doubtful phosphorus soil test began to develop typical 
blackheart. Beets across the road on good soil gave a totel phosphorus con- 
tent of approximately 60 ppm. The beets beginning to show blackheart contain-~- 
ed approximately 12 ppm. total phosphorus. Test rows of these beets were treat- 
ed with superphosphate in the equivalent of 600# per acre. In spite of the 
fact this was late in July these test rows had remarkable recovery and within 
two weeks contained more total phosphorus than the healthy beets to which they 
were compared. At harvest time these test rows yiclded about 8 or 9 tons per 
acre, while the remainder of the ficld was practically a total loss. Most of 
our district soils hnve been so well phosphated in past years that fow fields 
can be found showing blackheart. 


This affords little opportunity for determining the extreme phosphorus 
deficiency at which blackheart will probably occur. , 


As regards other necessary elements for plant growth, such as potassium 
and calcium, we found these present in large quantities in the petioles in all 
beets grown in our territory. This would indicate that our soils have a large 
sufficiency of these clements, and even though the beet has an enormous appe~ 
tite for these salts, we felt it was not necessary to make analyses for 
these salts a routine procedure, 2s it will be a long time before addition of 
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such salts to the soil may be necessary. 


Other lesser elements of plant growth, such as magnesium, manganese, 
and iron, were always found to be present in slight traces, but distinctions 

as to the amount could not be made between good and poor beetse It was there— 
fore decided to abandon these as routine tests. 


The sugar beet seems to be able to select the optimum amount of phos- 
phorus necessary for vigorous growth, petioles of beets growing on soil con- 
taining 200# of phosphorus per acre showing almost the same amount of phos— 
phorus as petioles of beets growing on soil containing 1000# of phosphorus 


per acre. 


This, however is not true of nitrates, for beets will absorb nitrates 
in proportion to the concentration of nitrates in the soil. High nitrogen. in 
the petiole is therefore direct evidence of high nitrogen in the soil with the 
exception of cases of beets suffering injury or drouth, wherein the nitrates 
may increase to large proportions, even on soils of low nitrate contente 

4s evidenco of this afield sampled early in June was injured by hail, . 
Tiree days later the nitrogen content had increased about four times. 


As this is a preliminary report it might be well to state our tenta- 
tive plans for future work wherein periodic analyses will be made on selected 
fields of both good and poor beets. The petioles will be analyzed for phos- 
phorus and nitrates with occasional analyses for some of the less important 

elements. 


After trying various methods we have adopted the two following methods 
for the determination of phosphorus and nitrates viz. Thornton's method for 
phosphorus with slight modifications, and the phenol-disulphonic acid method 
for the nitrate test: 


Sampling. Petioles are selected from several plants at random over 
the field. These are cut in pieces about 2 m. thick and mixed. 


Method. Two grams of the samle are weighed out and ground with, .25 
grams of Darco (phosphate free) and 10 ml of Thornton's phosphorus reagent. 
This is then filtered through a 12.5 em. Whatman paper No. 5. The filtrate is 
placed in a test tube. A small amount of stannous oxalate or La Motte Turog 
reducer is added. (The amount that can be picked up on the end of a tooth- 
pick is enough.) The color is allowed to develop for five minutes and the 
solution is compared with standards. (Actual standards can be matched with 
a solution of night blue and alcohol.) 


In addition to this 2 grams of petioles are carbonized at a dull red 
heat, after cofling 10 ml of Thornton's phosphate reagent are added. The 
carbonized petioles are broken up with a glass stirring rod and the mixture 
filtered. The procedure is then the same as before. ; 


Thornton's Phosphate Reagent: The test solution is prepared by dis- 
colving 4 grams of ammonium molybdate in 500 cc. of distilled water and adding 
to it slowly and with constant stirring a mixture of 437 cce of distilled 
water and 63 cc. of concentrated hydrochloric acid. This gives an acid con- 
centration of approximately 0.75N. Where large quantities of the reagent are 
to be used it may be more conveniently made up in more concentrated stock solw 
tions and diluted with distilled water as needed. The more concentrated solu- 
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tions will keep indefinitely if properly stored while the dilute solution, 

as prepared for the test, often develops an appreciable blue color on stand~ 
ing for several weeks. Storage of Pyrex bottles in a cool place will prevent 
such deterioration, to a large extent. 


Nitrate Nitrogen. 
Sampling. Take 2 gns. of finely cut petiole tissue and place in a 


snall 50 cece mortar containing 10 ml of 2% acetic acid and e25 gens. of 
phosphorus free Darco. Grind the mixture intermittently for 10 minutes and 
then filter through a 12.5 cm. Whatman No. 5 filter paper. The filtrate is 
now ready to use in determining nitrogen. One gram of plant tissue is repre- 


sented by 5 c.c. of the filtrate. 

Method. With phenol-di-sulphonic acid. 

Evaporate to dryness 1 ~ 2 cec. of the filtrate, to which 

has been added .5 ~ 1 coc. of 10% NaOH, in a pyrex beaker over a water bath 
or an alcohol lamp. Dissolve the salts with 2 cec. of phenoldisulphonic asid 
and allow to stand 5 minutes. (Phenoldisulphonic acid is prepared by dissolv- 
ing 25 gm. of pure phenol in 150 c.c. of concentrated HeSO4e Add 75 cece of 
fuming sulfuric acid and heat in a boiling water bath for two hours.) Add 
water and 30% NaOH until the yellow color has developed to its maximum inten- 
sity. Make to 50 or 100 cec. depending on density of color and compare with 
a standard in a colorimeter. 


A standard solution containing 100 ppm. of NOg-N results when 722 ems. 
of KNOg are dissolved in a liter of water. One-half, 1, 14 and 2 cece of this 
solution equals a comparative concentration of 250, 500, 750, 1000 pepeme in 
the plant when 1 c.c. of the filtrate is used and both solutions are made to 


the same volume. 
Summary and Conclusions 


Preliminary tests indicate that the petiole analysis is a better index 
to soil requirements than soil analyses especially in beets grown on 
Western soil. 


The methods are simple and can be worked in any factory laboratory. 


The factory chemist is on the ground and has ample material and con~ 
ditions of growth on which to experiment. 


Analyses of petioles under adverse growing conditions or injury may not 
be indicative of the soil fertility. 


Phosphate determination should be made on green petioles and the carbon~ 
ized petioles. They should be studied in conjunction with each other. 


We close with an apology for the meagre data we are able to supply, 
but if we have encouraged anyone to take up this work we feel that it will 
eventually result in benefit to the industry. 
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COMPOSITION OF THE SOLUBLE NON-SUGARS IN BEETS 


OW N SING 
By A. R. Nees 


Every step in the sugar refining process is directly concerned with, 
or is incidental to the separation of sugar from the accompanying nomsugars. 


In the processing of beets there are two steps which are chiefly con 
cerned with the elimination of non-sugars, — the diffusion battery and first 
carbonation. Average beets contain about 135 to 140 pounds non~sugar, other 
than water, per ton. Aproximately 90 to 100 pounds of insoluble matter in 
form of pulp is removed in the battery and 35 to 40 pounds is carried into 
the raw juice. The carbonation process removes 12 to 15 poundse The remain~- 
der goes on into the sugar end and eventually passes out with the molasses. 


Every sugar technologist since the beginning of the industry, has given 
attention to both the diffusion and carbonation operations, with a view to 
increasing the elimination of non-sugars, thus increasing the yield of granu- 
lated sugar and decreasing the quantity of molasses, 


The chief function of the battery is to separate soluble constituents 
of the beets from the insoluble. 


Some believe that osmosis or "selective diffusion" take place in the 
battery and that it may be so operated as to improve the purity of the diffu- 
sion juice. It is probably true that certain colloidal cellular matter is 


coagulated by heat and mechanically filtered out in the battery. Beyond this 
there is not much evidence that soluble non—sugar is removed. On the other 
hand there is much evidence that, under conditions of high temperature and a 
long time of retention, hydrolysis or dissolution of certain constituents such 
as hemi~celluloses and pectin-like compounds occur, thus causing a lowering of 
purity. The elimination of impurities in the battery is only of importance if 
something is removed which cannot be removed by lime and carbonation. 


So far as the removal of colloidal and soluble non~sugars is concerned 
the standard practice is, of course, the treatment with milk of lime or cal- 
cium saccharate and subsequent removal by carbonation and filtratione Many 
methods have been proposed to supplant or supplement the lime treatment, but 
none have proven feasible from an economic standpoint. Many variations in 
technic have been adopted from time to time with the idea of improving the pre~ 
cipitation and removal of impurities. Their value is uncertain. At times good 
results are obtained with little effort ~ at other times poor results are ob 
tained in spite of all one can do. 


It was this uncertainty which prompted the inception of the work re~ 
ported in this paper. It was often noticed that beets from adjoining terri- 
tories gave different results in the respective factories in which they were 
processed. This was particularly noticeable in two Colorado districts. The 
factories are of comparable size, have similar equipment and maintain, as far 
as possible, the same operating conditions. Yet one with poorer quality beets 
invariably obtained a higher elimination of non—sugars as measured by the pur- 
ity of thin juice and molasses production. The average figures for the five~ 
yeor period immediately preceding the tests are shown in Table I. 


TABLE I 
Sugar in 
-Snger Apparent Apparent Molasses 
Percentage Purity Purity Percentage 
—on Beets Beets Thin Juice on Boets 


District Noe 1 15.30 83.9 88.8 1.99 
District Noe 2 15.80 85.4 88.8 2208 


Table II shows similar figures for the year in which the tests were 


TABLE II 
Sugar in 


Sugar Apparent Apparent Molasses 
Percentage Purity Purity Percentage 


on Beets Beets Thin Juice on Beets 


District No. 1 14.61 84,6 89.0 2024 
District No. 2 14.61 84.7 87.7 Ren? 


The difference in the results obtained by the two factories is obvious 
ond this investigation was undertaken to determine the reason for the differ 


The tests were carfied out in accordance with the following procedure: 
Apparent purities (refractometer dry substance and direct polarization) were 
run on daily composite samples of pressed juice, diffusion juice and thin 
juice (second saturation juice) and on colloid-free pressed and diffusion . 
juice. All daily samples were concentrated and composited by weeks for more 
complete analysis. Corresponding composite samples of molasses were also ob- 
tained. Analyses were made on all weekly samples for total nitrogen, proteins, 
non-protein nitrogen, nitrate nitrogen and lixiviated ash. 


Non=protein nitrogen compounds were calculated from the non-protein 
nitrogen by multiplying by the factor 9.0. The non=nitrogenous organic com 
pounds were determined by difference. This is admittedly an empirical method 
but it is believed to permit a fair comparison of the composition of the var- 
ious juices. 


Finally all results were reduced to campaign averages. It is these 
latter figures which will be discussed. 


The various non--sugars are shown in Chart I and Table III, expressed 
as pounds per ton of beets. This method of expression makes it possible to 
compare not only the different juices from the same district, but to compare 
those of the two districts, since the beets have the same average sugar con~ 


tent. 


First, compare the composition of pressed juice from the two districts. 
The total non-sugaers in No. 1 is 43.4 lbs. per ton of beets and in Noe 2, 
43.7, practically the seme. The inorganic comrmounds are also the same, being 
13-5 pounds per ton of beets. There is a decided difference in nitrogenous 
compoundse Proteins, rou-protein nitrogen compounds and nitrates are all high- 
er in the beets from District No. 2, by 1.2, 1.3 and 0.5 pounds respectively. 
The nomnitrogenous organic compounds are lower by 2.9 pounds. 
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Comparison of the non-sugars in pressed juice and diffusion juice is 
of interest from the standpoint of so-callod "battery elimination". 


There is a reduction in the total non-sugar in diffusion juice as com 
pared to pressed juice of 8.6 pounds per ton in No. 1 beets and 4.6 lbs. in 
Noe 2 beets. The difference is largely accountod for by an increase in ash 
and only a slight decrease in non-nitrogenous organic in Noe 2 beets, while 
there is a decrease in ash and a relatively large decrease in non-nitrogenous 
orgonic compounds in No. 1. The increase in ash in No. 2 beets is partly due 
to solids in the battery supply water and the addition of soda ash to the bat- 
tery, 0655 pound and 0«22 pound per ton of beets coming fron these respective 
sourccse 


(Battery supply water for No. 1 factory had the equivalent of 0.06 
pound solids per ton of beets and no soda was added to the battery.) 


After making these corrections, No, 1 beets still show 0.52 pound per 
ton greater reduction in ash than No. 2. Apparently there is an elimination 
of substantially more ash constituents from No. 1 beets in the battery. This 
point will be discussed later. 


The comparison of diffusion juice with thin juice shows the effect of 
liming and carbonation on the removal of non-sugars. The most obvious thing 
is that the thin juice from No. 2 beets contains 3.1 pounds more non-sugar 
than Noe le When the proper corrections are made for solids in battery supply 
water and soda ash used in process in both factories, the difference is reduc~ 
ed to 204 pounds. This amount of non-suger will carry 3.6 lose of sugar into 
the nolasses at 60 purity or increase the sugar in molasses 0.18% on beets. 
The reason for this difference in elimination lies in the fact that Noe 1 
beets contain a relatively large amount of non—nitrogenous compounds wiich 
are readily eliminated, while No. 2 beets contain a large amount of nitrogen~ 
ous compounds which are not eliminated. This results in the production of 
lower purity thin juice and consequently a higher molasses production fron 
Noe 2 beets. The elimination of other types of non~sugar is practically the 
some for both districts. 


Colloid-free pressed and diffusion juices were prepared by treating 
with colloidal aluminum hydroxide, The alumina hydrosol carries a positive 
electric charge while the juice colloids are negatively charged. A mutucl 
precipitation occurs when the two types of colloids are brought together, 
Chart I and Table III show tho amount of each type of non-sugar precipitated 
by alwaina hydrosol.e The remainder is assumed to be in true solutione 


Practically all of the proteins are removed but only a small part of 
the normprotein nitrogen compounds. Beets No. 1 show 50% greater ash removal 
Ain colloidal form than Noe 2. Agnin the most marked difference is in the non~ 
nitrogenous organic compounds. Forty per cent of these compounds are precipi~ 
tated from the pressed juice of No. 2 beets and 36% from that of Noe 1 bects, 
while only 16% are precipitated from the diffusion juice of Noe 2 and 23% fron 
Noe 1. It is to be noted too that there is more of these compounds in the 
colloidfree diffusion juice than in the pressed juice of Noe 2 beets, while 
the reverse is true for No. 1 beets. It is indicated that some of these com 
pounds in No. 2 beets are changed fron the colloidal to the true solution 
state in the battery. Apparently, however, they are removed by lime so that 
the net effect of this conversion on the purity of thin juice is negligible. 
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The composition of non—sugar in molasses is the some as that of thin 
juice, with the exception of the non-nitrogenous orgnnic, which sows an in- 
ereaso of 202 pounds per ton of beets for District No. 1 and 2.5 pounds for 
Noe 2. This increase is the result of the inversion of sugar during the pro- 
cess and is made up of invert sugar and its decomposition products. 


Table IV shows the composition of the inorganic compounds. As pointed 
out before, total inorganic compounds, expressed as lixiviated ash, is the same 
in the pressed juice from the beets of both districts, and there is less ash 
elimination from No. 2 beets even after a correction is made for solids in 
battery supply water and soda ash. The reason becomes apparent when it is 
noted that there is an increase in alkali compounds from pressed juice to cif- 
fusion juice which, of course, carries through to thin juice. These additional 
potassium and sodium compounds evidently come from the hydrolysis of alkali- 
organic compounds in the battery. Whether this hydrolysis is influenced by the 
method of battery operation or is an inherent characteristic of the beets is 
not knowne It is kmown, of course, that calcium, magnesium and phosphorus com 
pounds are removed at carbonation. This is clearly indicated by the figures 
in the treble. Practically none of the chlorides are eliminated. Forty-seven 
per cont of the sulfates are elininated from No. 1 beets while there is an 
inercase of 25% in the thin juice from Noe 2 beets. This latter figure is ob- 
scured by an unknown addition fron battery supply water. 


The association of the inorganic substance in the colloidal phase 
shows sone interesting variations. For example, in No. 1 bects both sodiun 
ond potassium are removed with the colloids. In No. 2 beets neither of these 
is renoved, but instead an equivalent amount of magnesium is precipitated. 
Practically all of the cnlcium, silica, iron and alumina, ond about one-half 


the phosphorus are shown to exist in colloidal condition. 


-- If one were able to resolve the organic substance into their component 
parts as easily as the inorganic, a nore complete picture wovld be obtained 
ond the problen of elinination could be attacked in a more intelligent manner. 
It is apparent that 80% to 85% of the non—sugars in thin juice are composed of 
two groups, inorganic and non-protein nitrogonous compounds. It is evident, 
therefore, that any improved method of juice purification will be successful 
only in proportion to its ability to remove those substancese Such a nethod 
will have to be a radical departure from the present one, probably a supple~ 
nental nethod which will follow the lime and carboration processe The develop- 
nent of such a nethod is not impossible from a teclnical standpoint. The econom 


ic factors will govern its application. 


This discussion has pointed the difference in the relative proportion 
of the various non-sugar in beets which have the same sugar content and purity. 
This difference is undoubtedly a function of soil fertility, agriculturol ne- 
thods and climatic conditions. The contention of nany operating nen that fac~ 
tory results are influonced by the quality of beets is borne out by these ro= 
sults, although it is doubtful if all operating troubles can be ascribed to 
this source. 


wie 


The writer wishes to acknowledge the valuable assistence of Messrs. 
R. Je Brown, A. N. Bennett, BE. He Hungerford and others who carried out the 
prodigious amount of analytical work involved in this investigation. 
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LE IV 


CONSTITUENTS 


POUNDS PER TON OF BESTS 


Colloid=free Colloid-free 
Pressed Pressed Diffusion Diffusion Thin 
Juice Juice Juice Juice Juice Molasses 


DISTRICT NO. 


0.02 0.03 
0.06 0.08 
0.06 0.15 
1.00 1.03 
4.86 5.14 
1.84 1.92 
1.67 1.46 
0.61 0.43 
Po05 0.32 0.53 
(Calc'a) 2.11 2.43 


DISTRICT NO. 2 


$102 0.02 0.05 
Cad 


0.04 0.11 
MgO 0.84 0.93 
Ko0 _ 5.09 5.56 
2.01 2020 
Cl 1.34 1.18 
SO: 0.50 0.75 
P205 0.31 0.64 
(Caleta) 2057 2082 


ASE 
0.01 0.02 0.02 
0.09 0.01 0.05 
0.06 0.05 0.12 
0.86 0.02 0.01 
5.04 5e21l 5-19 
1.87 2007 2-11 
1.58 1.55 1.60 
0.43 0.54 1.54 
0.35 0.04 0.03 
2.32 274 2,14 
0.03 0.02 0.02 
0.11 0.00 0.02 
0.04 0.07 0.08 
0.67 0.02 0.02 
555 5e49 
2e25 2240 
1.31 1.19 1.28 
0.69 0658 1.73 
0.34 0.40 0.03 
2.85 2.57 
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ALE AT GA 


ACETATE BUFFER 


Robert J. Brown 


The improved sodium acetate buffer method for determination of plant 
available phosphate was published in 1937.4 The method makes no attexot to 
measure the absolute quantity of available phosphate in the soil. Rather, it 
is designed to show the relation between the total easily soluble phosphate in 
the soil and the readiness with which it may be released from the soil. Both 
of these factors are of importance in determining the ability of the plant to 
obtain its phosphate requirements. 


The concentration of phosphate in the acetate buffer extract of the 
soil varies with the ratio of buffer to soil employed and very often it does 
not vary inversely with this ratio over the range of extraction rations gener~ 
ally used. And all soil samples which have been tested show a decrease in 
phosphate content of the extract if a sufficiently low buffer to soil extrac~ 
tion ratio is used. The forces tending to release phosphate into solution be~ 
come weak compared to those tending to keep it out of solution when the con- 
centration of soil in the mixture becomes high enough. This same phenomenon 

is exhibited when water only is used for extraction. In order to gain an idea 
of both the level of easily soluble phosphate in the soil, and the tenacity 
with which it is held by the soil, the acetate buffer method employs extraction 
of the soil at two buffer to soil ratios, namely, 5 to 1 and 20 to 1 parts 
buffer to soil. 


Empirical standards for grading soils as sufficient, doubtful and 
deficient in phosphate have been set up. These standards provide satisfactory 
measurenent for the large majority of the soils in the territory served by The 
Great Western Sugar Company. Many soils from the Salt River Valley in Arizona 
are not correctly graded by these standards. 


It is the purpose of this paper to show the relation between the ex- 
tractable phosphate and plant available phosphate in the various soils en- 
countered. 


XSZS IVS SAP 


Tables I, II and III present the results of phosphate tosts on a var~ 
iety of representative soils from the area under consideration. These samples 
have been selected from a large number which hnrve been subjected to special 
investigation. They cover the range from excess phosphate to severe deficiency. 
On many of the soils field trials have been made. On others results of Neu- 
bauer tests are available. Some figures on water soluble phosphate at various 
extraction ratios are also presented. On all samples the results of extrac- 
tion with acetate buffer at least two buffer to soil ratios (5/1 and 20/1) are 
shown, and results of extraction at other ratios are shown on many. 


L. Proce Soil Sci. Soc. Amer. Vole 2, pe 185. 
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The group of eight samples in Table I includes the common loam and 
sandy loam soils of northern Colorado and western Nebraska. The phosphate 
content of the acetate buffer extract obtained at the 5/1 buffer to soil ratio 
is. invariably greater than that of the 20/1 ratio extract, but except in ab 
normally high phosphate soils the phosphate content of the 5/1 extract is not 
twice as high as the phosphate content of the 20/1 ratio extract. The first 
in the list is a very fertile soil. The second is also a high yield soil and 
shows a sufficiency by all methods used (acetate buffer, Winogradsky, Neubauer 
and K900g solution). However, the excess of phosphate is not great and fer- 
tility is maintained by regular use of manure and treble superphosphate. ext 
in the list are two samples in the doubtful range. In field trials one of these 
indicated no deficiency and the other gave a very slight, though not statistic 
ally significant, response. Two of the last three samles were shown to de 
definitely deficient by field trials. The last in the list is a poor, severely 
deficient soil. 


On soils of this tyne the correlation between phosphate content of the 
acetate buffer extract and plant available phosphate is simple. And the result 
of extraction at single buffer to soil ratio could be employed to classify the 
soil as to available phosphate grade. 


The second grown of eight soils in Table II is representative of the 
Wyoming area. Soils showing similar reactions are found in extreme western 
lebraska and in the deficient clay and heavy clay loam soile 4n Colorado. 


Only when the soil is very hish in phosphate does the 5/1 ratio buffer 
extract contain a decidedly higher concentration of phosphate tian does the 
20/1 ratio extract, and generally the 5/1 ratio extract is definitely the low 
er in phosphate concentration. All the soils listed show rather high phosphate 
concentrations in the buffer extracts. Soils yielding extracts wit: much low- 
er phosphate concentrations are common, but they are very deficient and a dis— 
cussion of them is unnecessary. The soils listed in Table II yield extracts, 
at the 20/1 ratio, hich in phosphate. Only the first in the list yields a 5/1 
ratio extract of definitely hisner phosphate concentration. Fields in this 
oren are generolly deficient and this is one of the few which have been built 
wp in fertility sufficiently to give the tests, and also the crop yields, of 
rich soils. Other fields of the some farm, not so fertile, give tests sinilar 
to those on No. 2 Of this groupe Soils Nos. 2, 3, 4 and 5 all give sinilar 
tests by acetate buffer extraction and are listed in order of decreasing Neue 
bauer test. No. 5 was subjected to cnreful field trials and gave response to 
phosphate treatment. Samples 6, 7 and 8 yield extracts at 5/1 ratio definitely 
lower in phosphate than at the 20/1 rntio. Pnosphate deficiency is severe as 
is shown by the Neubauer tests, thoush good bect yields are obtaincd on 6 and 


7? by phosphating each beet crop. 


When the origincl acetate buffor method was published in 1932, only 
the results of extraction at 5/1 ratio were use¢ for grading soils. 3y the 
standards in use at that time soils such as Nos. 2, 3, 4, 5 and 8 in this group 
were placed in the doubtful class ani those such as Nos. 6 and 7 were placed in 
the deficient class. Further studies at vrrious extraction ratios and on a 
wider range of samples wens) about a revision of the testing and srading 
nethod, as published in 1937. 


1. Jour. An. Soc. Agr., Vol. 24, Noe 6. 
2e Proce Soil Soce of Amer., Vol. 2, pe 185, 
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The present grading standards still place soils such as 2, 3, 4 and 5 
in the doubtful group. Wot all evidence regarding deficiency in these soils 
is in agreement. Only one field has been subjected to positive field trial. 
Deficiency was demonstrated. The fields from which these samoles were taken 
are regularly phosphated for beets and the growers are satisfied that the trent~ 
ment more than repays its cost, though no comparisons of phosphated with non- 
phosphated areas are made. Neubauer tests show the soils low (from 3 to 5 ne. 
Po20s5 per 100 ens. soil) in phosphate, while the soils such as Jose 6 and 7 are 
definitely lower, at about 2 or less ng. Po0g per 100 emse soil. Pot tests 
on soils such as Nos. 2, 3, 4 and 5 have not denonstrated definite deficiency, 
while on soils such as Nose 6 and 7 deficiency is showm with certainty. There 
is one important reason for giving little weight to the pot test results on 
these hisher testing soils. Extraction at hich buffer to soil ratios snows 
they ore very high in easily soluble phosphate. Extraction at the 5/1 ratio 
shows that much of this phosphate is strongly bound in the soil comlex and 
therefore not available at the hizh level. In pot tests the dense root systen 
probably greatly increases the COo content of the soil atmosphere above the 
normal in these soils, of low organic matier content, in the field and the 
level of available phosphate is probably raised by solution of easily soluble 
phosphate in the high COs areas in the pots. If we ignore results of pot tests; 
all evidence points to deficiency in these soils, though not so severe as in 
soils of the same type but yielding an extract of low phosphate content at the 
5/1 buffer to soil ratio. 


The soils in Table III are from the Salt River Valley of Arizona. 
4 few soils from other areas in Arizona have civen similar results. The level 
of extractable phosphate is far higher than that in Colorado ond Vyoning soils, 
4 few field trials have demonstrated phosphate deficiency and very Leavy phos= — 
phate applications have become standard practice. Crops are valuable and grow 
ers are satisfied with results. We have very little correlation between field 
tricls and acetate buffer tests to guide us in setting standarcs, but 2 number 
of Neubauer tests are available. On the basis of the Neubauer test, the first 
sezryle in the list contains a sufficiency of phosphate, Sam rles Mose 2 and 3 
are questionable, and Nos. 4, 5 and 6 are definitely deficient. The most strik- 
ing feature of these soils, commared to the Colorndo end Wyoming soils, is the . 
wide range of extraction ratios over which the phosphate content of the extract 
may renain practically constant at a high level, as shown in Noe 7 in the list. 
Even on the very sandy soils, such as No. 5 in the list, the phosphate content 
of the 5/1 ratio extract is not more than twice that of the 20/1 ratio extract, 
except in soils of very high phosphate content. There can be no question that 
there is a different relation between buffer extractable phosphate and avail=- 
able phosphate in Arizona and Colorado soils. A Colorado soil giving the buf~ 
fer test of Sample No. 5886 would unquestionably be high in plant available 
phosphate. This sample tests deficient by Neubauer, Windogradsky and Hocken- 
smith tests. The third sample in the list is still higher in readily soluble 
phosphate. This sample tests doubtful by Neubauer, Winogradsicy and Hoclensmith 
tests. Kot many samples have been found giving extracts so high in phosphate 
and at the same time extracts of lower phosphate concentration at the 5/1 ratio 
than at the 20/1 ratio, as Noe 2 in the list. This sample tests doubtful by 
Neubauer and indicates a very slight deficiency by winogradsky method. 


In general the Arizona soils show much higher level of extractable phos~ 
phate than do Colorado and Wyoming soils at the same level of available phos= 


P205 soluble in 1% Kg00gz solution. 


e- 
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phate. This is true whether distilled water, C09 saturated water, acetate 
buffer or K200z solution is used for extraction. A discussion of this subject 
is not in place here, but McGeorge and Breazenlethave offered on explenation. 


The eighth sample in the list in Teble III is an example of one which 
shows excessive capacity for maintaining the level of extractable phosphate at 
high buffer to soil ratios. This soil yields an extract at 50/1 ratio contain- 
ing a higher phosphate concentration than is yielded at 20/1 or 5/1 ratioe The 
saimle is o severely deficient California soil which has very great capacity 

for reversion of added phosphate. 


Empirical standards have been set up for classification of soils as 
sufficient, doubtful and deficient by the acetate buffer test. These stand= 
ards are primarily for use b; those who are unfomiliar with the !mown relations 
between available and extractable phosphate. Under these standards a soil 
which yields extracts at the 5/1 and 20/1 ratios containing-1.5 and 1.4 pepem, 
of P respectively is graded sufficient, while another soil yielding extracts 
containing 1.4 and 165 pepeme of P at the 5/1 and 20/1 ratios respectively is 
classed as doubtful. Actually there is negligible difference in the available 
phosphate content of the two soils and response to phosphate fertilization will 
de controlled by other factors. In setting the grading standards the attexupt 
has been made to be conservative, in order to avoid unnecessary recommendations 
for phosphate fertilization. However, the evidence now points strongly in the 
direction of an increase in the limits of the deficient range on those soils 
in which the phosphate content in the 20/1 ratio extract is practically as 
great or greater than that in the 5/1 ratio extract. 


Considering only the soils of Colorado, Wyoming and western Nebraska, 
the follewing grading scheme is highly satisfactory. 


Type A Soils ~ Soils which yield extracts at 5/1 ratio of definitely 
higher phosphate concentration than is present in the 20/1 ratio extracts. 


Deficient soils show 0.5 (or less) pepem. of P in the 20/1 ratio ex 


tract. 


If the 20/1 ratio extract contains between 0.5 rnd 0e8 pedems of P, 
the soil is classed as doubtful. 


Soils containing fici phosphate yield extracts containing 0.8 
(or nore) pepem of P at the 20/1 ratio. 


Type B Soils + Soils which yield extracts at the 20/1 ratio containing 
practically as much or more phosphate than is present in the 5/1 ratio extracts. 


Soils which yield extracts at the 20/1 ratio containing definitely. 
higher phosphate concontration than do their 5/1 ratio extracts, regardless 
of absolute value of P content, and 


Soils which yield extracts at both 5/1 ond 20/1 ratios of practically 
equal P content, neither extract containing more than 1.5 pepeme of P, are 


classed as deficient. 
lUniv. Ariz. Tech. Bull. No. 35 = October 15, 1931. 
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All other soils showing practically equal content of phosphate in 
both extracts are likely to respond to phosphate treatment and are classed 
as doubtful. 

If one is to judge a method for determination of available phosphate 
by its ability to predict response to phosphate fertilization, he must find all 
methods proposed to date as failures, including field trialse The subjoct of 
response was discussed in the report on phosphate field trials made before 
this Society at Fort Collins in February 1939. Only a brief review will be 
given heres 


Soils of Type A in which the 5/1 ratio extract contains more than 50% 
higher P concentration than does the 20/1 ratio extract are not lixely to re- 
spond resardless of deficiency. These soils almost always require manure to 
produce good crops and since the soils have relatively little phosphate fixing 
capacity, the phosphate content of the manure can be depended on to supply she 
phosphate deficiency. 


Very heavy soils yielding extracts of very low phosphate content at 
both 5/1 and 20/1 ratios are liable to show no response, because of capacity 
of the soil for reversion of added phosphate. Such soils can generclly be 
identified by a high test for phosphate soluble in KpC0Ogz solution. As use of 
fertilizer drills which place the phosphate close to the seed becomes more 
common, response is expected to become more common on these soilse 


Best response is to be found on the silt loam and clay loom soils, 
fairly high in CaCOg, belonging to Type 3. 


A completely satisfactory explanation has not been offered for failure 
to set response on many carelessly farmed and non-rotated deficient testing 
fields... Deficiency is shown dy too many methods to permit one to conclude that 
failure of these soils to respond means no deficiency of phosphate. 


The evidence favors the scceptance of the principle of phosphate feed~ 
ing efficiency. That is ~ on many good soils, genernlly of Type A, the plant 
obtains its phosphate requirements at a lower level of available phosphate than 
it is able to do on another soil giving similar test. When the soil is known 

to be a high yielder in spite of low phosphate test, there is no odject in ap= 
plying phosphate excent to prevent depletion. Soils 4 and 6 in Table I gave 

similar tosts. Nos 4 is high yielding soil of a type noted for high quality, 

and does not respond to phosphate. No. 6 is not of - type eoual to Noe 4, and 
it produced excellent response. Well farmed soils of not high quality origin- 
ally have been made to produce high yields and these soils of Type B phosphate 
test have shown even greater yield by phosphate fertilization. 


We are satisfied thant the acetate buffer extraction gives us 2 satis=- 
factory measure of the level of available phosphate in the sample analyzed. 
The method fails to tell us how various factors will interact to change the 
level of available phosphate in the field during the growing season. Studies 
of this subject are being continued and it is honed that a satisfactory basis 
for prediction of changes in available phosphate during the growing season may 
eventually be worked out. Today it appears that the safest practice is to 
sezle the soil about August lst and use the results on this sample as a guide 
for fertilizer treatment for the following season. 


Standards for grading the Arizona soils have been set uw using results 
of Neubauer tests on 12 representative soils of wide phosphate range as a guide. 
The results were so compatible among themselves thnt little difficulty wes ex 
perienced in setting up standards. The present grading standards are: 


All soils are classed as deficient which yield extracts at the 5/1 and 
20/1 ratios either one of which contnins less than 206 Depele of Ps Suffici~ 
ient testing soils yield extracts both of which contain 4.0 (or move) pepel. 
of Pe. Soils giving intermediate tests are classed as doubtful. It is hoped 
that results of field trials may be available at some time to enable us to 
judge our standards, since Neubauer tests alone cannot be considored finsle 


TABIE 


RELATION OF EXTRACTABLE PHOSPHATE TO AVAILABLE PHOSPHATE 
NORTEERN COLORADO AND WESTERN NEBRASKA SOILS 


Soil No. 1 2 3 4 


Labe Noe 1626 4435 4292 
Soil Quality Very fertile Fertile Poor Fertile 
by Field Trials - None 
Neubauer Test ~ 

Mg.P205/100 g.Soil - - 1561 
@xtractablo Phesphate - 

Mediun Buffer Water Buffer Water Buffer Water Buffer Water 


Extraction Ratio: er Mil Extra 
1/2 0.10 
1/1 1.1 0.13 


1.7 1.5 


0.25 


0.95 0.8 


0.50 


6 


5 


Soil Quality Fortile . Pair Foir Poor 
Po0s by Field Trials Slight Deficiency Deficient Deficient - 
ou aucr 
Mg.P205/100 ¢.Soil 1.4 
Extractable Phosphate 
Mediun Buffer Water Buffer Water Buffer Water Buffer Water 


Extraction Ratio: 


| 
| 
267 7.0 0.9 
10/1 0.18 
20/1 1.8 C.14 
50/1 1.6 
Lab. Nos 5858 4873 4877 4324 
a Parts per Million of P in Extract 
1/2 | 
| 1/1 0.13 0.5 0.4 
5/1 0.7 0.7 0-6 0.3 
10/2, O-1l 
25/1 0.6 0.12 0.5 0.4 0.2 
50/1 0.4 0.2 D1 


Soil Noe 
Lab. Noe 


Soil Quality Good 
P50, by Field Trials - 
Weub 


auer Test - 
Mg. P205/100 g.Soil - 


Extractable Phosphate ~ 
Medium Buffer Water Buffer Water Buffer Water Buffer Water 


Extraction Ratio: e i f P in Extract 


Soil No. 5 
Lab. Now 3572 


Soil Quality Fair Good 
P205 by Field Trials Deficient 
Neubauer Test - 

Mg.P205/100 geSoil 3.0 1.1 


Extractable Phosphate - 
Medium Buffer Water Buffer Water Buffer Water Buffer Water 


Extraction Ratio: Parts per Million of P in Extract 
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TABLE IT 
; RELATION OF EXTRACTABLE PHOSPHATE TO AVAILABLE PHOSPHAT: 
WYOMING SOILS 
5650~B 4248 4244 4246 
5el 4.9 3.6 
1/2 
1/1 0.23 
5/1 2.5 1.5 1.4 1.2 
10/1 0.25 
20/1 1.8 0.15 1.4 1.6 1.4 
50/1 0.8 1.0 09 
4241 4242 
= 
1/2 0.12 
1/1 0.16 
5/1 1.6 0.8 026 1.1 0218 
10/1 1.3 
20/1 1.5 1.8 1.8 205 0613 
50/1 1.3 1.4 


Soil No. 
Labe No. 5875 5878 5874 


Soil Quality Excellent Good Poor 
by Field Trials = ~ 
Neubeuer Test 

Mg. P205/100 ge. Soil 10.5 6.9 5.5 


Extractable Phosphate - 
Mediun Buffer Water Buffer Water Buffer Water Buffer Water 


Extraction Ratio: e E 


2.8 0.24 
0,40 
15.0 1.9 4.3 0.85 6.0 0.44 1.5 


6.8 0.8 5.0 0-45 3.8 0.27 29 


Soil Noe 8 
Lab. Mo. 5609 (Calif.) 


Soil Quality 7 
Po20s5 by Field Trials Deficient 
Neubauer Test ~ 

Mg. P205/100 Soil 1.3 


Extractable Phosphate - 
Mediun Buffer Water Buffer Water Buffer Water Buffer Water 


Extraction Ratio: Parts per Million of P. Extract 


2.0 0.02 0.7 0650 1625 


1.6 0.02 1.8 0.18 1.25 
1.2 
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TABLE IIT 
SALT RIVER VALLEY (ARIZONA) SOILS 
5881 
Sel 
1/2 0.05 
1/1 0.07 
5/1 025 
10/1 
20/1 0.18 
50/1 
1/2 
1/1 
5/1 004 
10/1 
50/1 0.7 
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DRY SUBSTANCE BY DRYING 
versus 


DRY SUBSTANCE BY IMMERSION REFRACTOMETER 


AS MEASURED IN THE NORMAL WEIGHT SOLUTION 
R, Bachler 


In the course of mutual control analyses of weekly composite samoles 
collected in all the factories of the American Crystal Sugar Commany and which 
were exchanged between, and analyzed by, the different laboratories, the out— 
standing disagreements were found to exist in the item of "per cent dry sub- 


stance by drying". 


Inasmuch as the true purity based upon dry substance by drving is 
used as one of the important criteria’ in judging individual factory effic- 
iency, disagreements between the various laboratories in this item became a 
serious problem which finally resulted in raising the question as to "how true" 
the true purity can be when dry substance by drying at 105° 0. could not be 
determined by the different chemists with at least the same degree of accuracy 
as is the case with the item of per cent sucrose by the Clerset method. 


Relief in this respect came about in 1933 with the introduction of the 
normal weight solution nethod of analysis by the author in which all deter 
minations are carried out in the same solution which must be prepared for 
polarization and with the decision, that henceforth in all of the factories 
of tae American Crystal Sugar Company the immersion refractonetrica detor= 
mined dry substance was to replace the dry substance by drying at 105” 0. 


This move was justified not only because the refractometric dry sub- 
stance of the control sammles checked within even narrower limits than the 
polarizations but also Decause we were able to adduce proof that THE WEIGHT 
LOSS AT 105° CO. WAS NOT SOLHIY DUE TO LOSS OF MCiSZURO BUT WAS ALSO DUE TO 
PROF JUND CHEMICAL CHANGES THAT OCCUR DURING DEYIIS WHICE RESULT IN AN APPARENT 
LOSS OF ACTUAL DRY SUBSTANCE showing, that the heretofore accepted method of 
dry substance by drying at 105° C. was giving too inaccurate results to war 
rent their use for the calculation of the "true" purity. 


These dry substance losses we established by refractometric measure~ 
ments and it is the purpose of this paper to describe our method of procedure 
and report on the results which have been obtained by drying at 105, Another 


series similar analy éryi t 105° C. with drying in vacul 
at 60° Ce with measurenents will ty 


upon their completion. 
II. 


The method of determining the dry substance of a product by drying 
rests upon the supposition that under the observance of the ordinary analyt- 
ical precautions only free moisture is removed and that no weight consuming 
changes in the dry substance itself do occur. 


If this supposition is true in the case of sugar products, then it 
should be possible within reasonable limite to find the same per cent of re~ 
fractometric dry substance in a sample before and after dryinge 


To ascertain this point a series of experiments were made with pro~ 
ducts of different purity as collected in our different factories in which 
the following procedure was employed: 


The sample was first made homogeneous by thorough mixing and kneadins; 
two portions of 5.200 grams were then weighed out. 


Portion 4 was made up of 100 ml. with distilled water of 20°C. OA 
portion of this solution was refractometered at 20° 6. The balance was clari~ 
fied with a weighed portion of Horne's dry sub lead acetate and then polarized 
at 20° C. 


Portion B was dried under carefully regulated strictly uniform con- 
ditions at atmospheric pressure at a temperature of 105° ©, Constancy of © 
weight was assumed to have been reached when two successive weighings agreed 
to within 0.05% dry substance. (In the case of molasses we ran vory frequent- 
ly against the condition that after a certain length of drying time the weight 
of the dried sample showed an increasc rather than a decrease in weight). 


The sand used for drying was acid and water washed, strongly heated, 
again weshed and finally screened to uniform size. For ench dotermination 
exactly 50 grams of sand were taken. In ench case wo added 5 mle of boiling 
hot @stilled water to facilitate uniform distribution of the sample within 
the sance Thirty minutes of the proe~dryingz, followed by renewed stirring of 
the nixture, preceded the actunl drying at 105° 6, in, the electrically heated 
oven which was automatically controlled to within 2 1° C. 


In the case of molasses samples these were first thoroughly mixed, 
then de~aired by heating in a water jacketted funnel, screened through a fine 
mesh funnel, aliowed to cool to room temperature and then analyzed. All analj~- 
ses were made in duplicate and if the results did not agree closely, the test 
was repeated in its entirety. 


The dry matter was then dissolved with boiling distilled water. The 
soluble portion was transfered to the same 100 ml. flask that was used for 
portion A, made up to 100 ml. at 20° C., refractometered at 20° C., clarified 
with the same weight of Horne dry lead as used in portion A and then polarized 


at 20° 6, 


On Table I are given the detailed results of one group of samples. 
On Table II are given summary results of analyses of similar products collect 
ed in widely separated localities and during different campaignse 
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III. Discussion of Results 


Had no loss of dry substance or decomposition changes occurred during 
drying, then the average refractometric weignt of dry substance as determined 
in portion A (Table I, Item 3) and that of the re-dissolved dry substence of 
portion B (Table 1, Item 15) should have been very nearly equale We find, 
however, that during drying at 105° C. happened, a decided loss of refracto~ 
metric dry substance as is shown by the following figures: 


Total grams of Loss in % on 
Refractometric Refr. Dry Sub. 
Dry Sub. lost of Samle A 


White Fillmass 0.039 0.82 
Intermediate Fillmass 0.050 1.05 
Raw Fillmass 0.082 1.68 
Molasses 0.106 2042 


At the present stage of these investigations, we are looking wnon these refracto~ 
metric dry sudstance losses as a closely approximate measure of the swa total 
of actual dry substance losses which occur during drving at 105° C. 


In regular analytical procedure we would ordinarily comeare the re~ 
fractometric dry substance of the orizinal product with the dry substance by 
drying of the original preduct and in doing so obtain the following comparisons: 


White Inter. Row 
Filimass Fillmeass Fillmass Molasses 


Grams of Refrac. Dry Subst(item 3) 4.731 4.758 4.880 4.592 
Grems Dry Subst. by drying (item 9) 4,698 4.720 4,822 4.268 
Dry Subst. by drying is smaller 2033 2038 058 eld 
Diff. in % on Refr. Dry Subst. 0.69 0.79 1.18 2082 


These differences are large enough to cause anprecinble variations 
in purity eas seen in the following comparison: 


White Inter. Raw 
Fillmass JFillimass Fillmass Molasses 


Appare Purity by Refr. (item 7) 93.15 85.72 75032 56.16 
Appar. Purity Dry Subst. (item 13) 93.80 86.41 76.23 57.280 


The analyses show that the removal of moisture by drying at 105° ¢. 
is accompanied by a far reaching decomposition of original solid mattor which 
becones manifest by appreciably lowered polarimetric and refractometric readings. 


These losses appear smallest in the white fillmass and are greatest in 
the final molasses. Taken as a whole, they are lower in non-8teffons than in 
Steffens houses. 


It cannot be gainsaid that the effects of heat and time during drying 
become monifest in two directions; the one resulting in a direct loss of dry 
natter due to volatilization of some of the solid constituents, the other of 
causing changes in the refractive indices of some of the solids. These refract- 


-318- 


ive changes when going in one direction would tend to simulate a loss, or, if 
going into the other direction, indicate a gain. Jor these reasons the re- 
fractonetrically detormined dry substance losses nust, in the meentine, nerely 
taken as proof that the official method of determining dry substance by dryin 

at 105° 6. is not dependable and that, therefore, the "true purity" based there- 
on is in renlity quite far from the truth. 


Work, which is underway, (but which is not yet supported by a large 
enough number of analyses of low purity products) indicates, that dry substance 
determined by drying in vacuo at 60° C., and the refractometric dry substance 
as determined immersion refractometrically by the Oxnard normal weight solution 
method, show a very close agreement when checked by the above described method. 


Theoretical yield calculations of fillmasses based upon the refracto— 
metric dry substance purity agree very closely with actual yields. This feature, 
we hold, is the best proof for the dependability of the refractonetric nethod 
of analysis over the double dilution Brix, or the dry substance by drying, meth 
od of analysis. 


THE RELATIONS EXISTING BETWEZN pH MEASURED IN) THE LABORATORY AT 25° C. 


AND 
THE pH OF THES SAME SOLUTION AT THE EXISTING OPERATING 
TEMPERATURES IN THES FACTORY 
F. R. Bachler 
I. 


The occurrence of unseemly hish percentages of invert sugar in the 
final molasses is at times observed in every beet sugar factory. Aside from 
the accidental possibility now and then of a distinctly acid pH condition dur- 
ing some phase of the process, it often cannot be readily understood why invert 
sugar should occur in what maytysamebe considered to be a safely pH alkaline 
housee 


4 clue as to the principal source of such invert sugar occurrences can 
be had only from a systematic and often very protracted invert sugar survey 
which must begin with the thin juice and end with the molasses, including all 
internediate steps in the process. When invert sugar is found at all it will 
nearly always show up in the thick juice first, yet practically never will there 
be any invert sugar in the thin juice entering evaporators, From the thick 
juice stage on there will, likely, be found rolatively little additional invert 
sugar provided, of course, that the pH of the white fillmass was not allowed to 
drop below pH 7.5 and that of the succecding fillmasses not below pH 7ed- 


From these observations we conclude that the bulk of the invert sugar 
found in the molasses originates from thick juice. Since the thin juice enter- 
ing the evaporators was free fron invert sugar it follows that all the invert 
sugar in the thick juice was formed during evaporation. By further extending 
our search to the juices of the different evaporator bodies, we find that approz- 
inately 78% of the invert sugar in the thick juice originated in the first body, 
about 20% were formed in the second body and the remainder of 2% was forned in 


| 
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the third body. Very likely none was forned in the fourth or fifth bodies 
of evaporators. 


We know that the rate of invorsion of a pure sugar solution is a 
function of pH, heat, time, and concentration of same. In the case of an ine 
pure sugar solution must be added another, in its effects as yet not so well 
known but, nevertheless, very important factor, that of the character and the 
quelity of the non-suzars, "buffer substarces", that are present. As rerrrds 
the latter we know that with all other Saversion promoting conditions being 
equal, the rate of inversion in general will become slower the more buffer 
substances are present; we also know that a given weight of a certain nonmsugar, 
or group of non-sugars, will influence the rate of inversion differently than 
would be that if a similar weight of another non-sugar or group of nonm-sugars 
were presente 


Of the five factors which govern the rate of inversion of the thin 
juice entering the evaporators we can definitely control only akalinity, 
respectively, pH. Before the advent of pH control it was considered safe pract— 
ice that the thin juice entering evaporators should be at least faintly alkaline 
to phenolphthalein and if the thick juice leaving the evaporators did not show 
a faint pink, but heppened to be colorless to phenolpkthalein, then the akalin- 
ity of the thin juice would be raised slightly until the thick juice left the 
evaporators at least faintly alkaline to thick juice. Ezerience had shown that 
under such conditions sugar losses due to inversion during evaporation did 
either not occur at all, or were so small as to be negligible. If it so hap= 
pened that either an undue rise, or fall, of alkalinity occurred durinz evapor=- 
ation then this was considered a sign that errors had been committed during the 
purification stages of the process and all efforts were bent toward removing 
the couse of this untsual behavior. 


With the advent of pH control it was realized that the point at which 
phenolphthalein chanzed color was at pH 8e2 = 8.3 and it became the practice 
for awhile to hold the pH of the thin juice entering evaporators at that fig~ 
ure, or a little higher if a loss of pH occurred during evaporation. Gradu- 
ally the operators receded from this point and felt justified in doing so be~ 
cause thin juice of a pH lower than 8.2 =- 8.3 boiled faster in the evaporat- 
ors and that the subsequent fillmasses too may have boiled and purged easier; 
and if it so happened that during such a campaign there was practically no 
invert sugar produced even though the pH of the thin juice entering evanorat— 
ors was held as low as pH 7.5 =~ 7.6, then this was considered by that factory, 
and maybe a number of other factories, as an example to enulate during next 
carmaigne If in the succeeding carmaign in that, or a different factory, the 
same pH of thin juice resulted in a more or less heavy invert sugar production, 
then the cause thereof was, as a rule, not assigned to having started out with 
too low a pH but that "the beets this year were peculiar", which is true in a 
way, considering what baleful effects a slight change in the character of the 
nom-sugars may produce as regards the — and chemical behavior of the 
juices in the house. 


The beet sugar factory laboratory technic of determining pH closeiy 
followed the scientific development of the art; thus the colorinctric drop 
method was followed by the likewise colorinetric test tube nethod which was 
replaced by methods that measure the electric potential existing between the 
juice and metal to metal oxide electrodes of the antimony typee The change 
from one nethod to another was due to a gradunl realization of sorious short~ 
conings inherent to that method. Thus for instance, the celorinctric methods 
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suffer from serious errors due to termerature, the solvent, salt, protein and 
colloid effects; that of the calomel half cell antimony electrode types, while 
free from some of the errors of the colorimetric methods, are fast being re= 
cognized of giving inaccurate results due to the presence of chemical substances 
in the beet juices which react with the antimony oxide such as S09, or certain 
organic acids or organic salts, wnich form complexes with the antinonous oxide. 
This knowledge of the linitation which the various methods of determining pH 
imposed was acquired in the best sugar laboratory gradually and by the hard way 
eof an ever widening bitter experience which served to increase the desire for 

a method, or an instrument, which would not be affected by the linitations above 
citede Such an instrument, as every chemist kmew, would be one equipped with 
gless electrodes but in view of the extreme fragility of these electrodes this 
renained a pious wish until about a year ago when the present rusged Bec’man 
electrodes appeared. 


In the meantime some factories had adopted continuously indicating pH 
instrunents of the antinony type, the clectrodes of which were immersed in a 
flow through chamber through which flowed a continuous stream of the hot juice 
as existing in the house. These instruments did not indicate the pH of the 
juice at the existing temperature but the pH as would be found had the juice 
been codled to 25° C, When the pH indications of this factory instrument were 
comared with the pH value of the laboratory antimony instrument on the same 
juice but which had been cooled to 25° C., then, as a rule, a fairly close agree~ 
ment was found which served for a time to confirm the faith in the accuracy of 
the pH value as determined by these antimony instruments. 


This faith was due for a rude awakening, for now enters the Beciman 
Glass Electrode pH Indicator as a house control device. Intending to use the 
Beckman instrument for the control of pre=defecation, we placed one such instru- 
ment at Osmard side by side with an L&v antimony continuous pH indicator, both 
instruments using exactly the same juice. It was our original intention to 
check the pH indicators of the Beckman instrument against those of the L&éll. We 
expected to find a very close agreement and were quite surprised, when we found 
that a very large difference in the indicated pH values existed. The cause of 
this difference was found to be due to the basic fact that the Beckman instru- 
ment indicated the pH as it exists at the actual factory temerature, while the 
L&N antimony instrument indicates the pH value corrected by an inbuilt device 
which checks within fairly close limits with the pH of the laboratory antimony 
instrument, which measures the pH juice cooled to 259° C. This fact was defin- 
itely established by experts of the National Technical Laboratories, who meas 
ured the pH of the juice hot and cold with a hydrogen clectrode, the results 
of which were found to check within = 0.02 pH with those as found by the glass 


electrode. 


The fact that the Beckman factory glass electrode pH as measured on 
first carbonation juice at a temperature of 85° C. was lower by 1e2 pE than 
that obtained by the L&N factory antimony instrument was too significant to be 
overlooked. It led us to a somewhat closer study of the pH conditions as these 
actually exist at the prevailing elevated temperatures in the house in compari~ 
son with those which were found in the laboratory on the same juices cooled to 
25° 6, and this paper is a resume of the results of this study. 


II. 


Our intital attempts to measure these differences with our regular 
antinony lnboratory instrument led to no satisfactory results. The answer 
to our problem was found in using the Standard Industries Model M. Beckman 
Glass Electrode pH Meter which, by virtue of the chemical inertness of the 
glass electrodes, is free from the chenical inhibitions that nitigate against 
the obtaining of accurate results with the antinony electrode. A snecial 3ecknian 
glass electrode, recently developed, suitable for working ranges up to 100° O¢ 
was used in conjunction with the standard instrument for the high termerature 
pH measurenentse The comparison calomel electrode employed was the stcndard 
Beclmian typee 


In worling the comparative tests between the pH of the hot and the 
cold juice it was not practical to use a single set of electrodes for both sets 
of measurementse A more practical way was to use two sets of electrodes, the 
special high temperature electrode for hot and the regular standard electrode 
for cold pH measurements with a separate crlamel electrode for eache It was 
thus a simple matter, necessitating merely withdrawing the plugs of one set of 
electrodes and inserting those for the other electrodes in order to chanzse from 
a hot to a cold pH measurement, While making a series of determinations, the 
particular electrode set not in use was kept immersed in either water, juice or 
buffer solution of - tomperature corresponding to that of the juices to be meas-~ 
ured. In this manner both sets of electrodes were at all times instantly ready 


and in proper temperature equilibriun. 


The pH meter was standardized with the electrodes against a pH 720 
phosphate buffer. Since this particular buffer solution changes but very slight~ 
ly with temperature (less than 0.05 pH over the entire range between room ten- 
perature ond 100° C.) it was particularly well adapted to this investigation as 
the same buffer could be used as a reference standard for the instruient with 
both the high and the low temperature electrodes at their working temmeratures. 


Two series of tests were always made in which the pH of the juice at 
high temperatures, approximately that prevailing under actual operating condi~ 
tions, was determined and compared directly to that as determined on identically 
the sane sample after cooling same to 259 C. The pH at the high temporature I$ 
THE ACTUAL pH OF THE JUICE IW THE PROCESS AT THE EXISTING TEMPERATURE, whereas 
the pH of the second test, that of the cooled juice, corresponds to the pH ob= 
tained at the usual laboratory test which, so far, WE HAVE PRESUMED TO BE IN- 
DICATIVE OF THE ACTUALLY EXISTING OPERATING pH, 


(Incidentally with the studies on temperature cffect here reported another 
study is in progress cormaring the results obtained in the laboratory by noas= 
uring the pH of the same juice at room termerature, using the glass and the 
antinony electrode instruments. While this study is far from being complete, 
the results obtained so for throw a dark shadow of doubt on the dependability 
of the pH values obtained from the antimony electrode system. We mention this 
here because the need of investigating these two net*ods of pH determination 
originated fron our early, though futile, attempts to study the effects of pH 
by high and low temperatures with our lnboratory antimony instrument). 
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Knowing that large pH differences existed, we were desirous of finding 
out first of all whether or not a constant relationship existed between the pH 
of the juice at its working and at its laboratory temperature and, if such a 
relationship did oxist, to find out if it were possible to apply to the 
laboratory determined pE value a constant correction factor so as to correct it 
to the pH as existing at the actual working temperature; also to determine, if 
it were possible to do so, if inversion of sucrose would occur in a juice that 
was pH alkaline when cold but pE acid when hot. 


4ll measurements were made during the latter half of 1939 campaign in 
the Oxard Laboratory of the American Crystal Sugar Company by Mre Fe We Weitz 
and Mre Arthur Lorenz. While the data presented are by no means cormmlete, being 
more in the nature of a preliminary survey, these do reveal highly significant 
facts of which immediate cognizance had to be taken in the interest of better 
factory controle 


The first series of tests was devoted entirely to thin juice entering 
evaporatorse An overflow type electrode chomber was commected with the sample 
line of juice to evaporators and a constant flow of juice was allowed to flow 
through. The temperature of the juice at this point avernged 96° C. During 
these tests the high temperature electrodes were inserted in the flow-through 
electrode chamber and kept immersed in the stream of juice. Hence the set was 
available and ready for a test at any time nerely by plugging into the instrunent. 


Whenever a reading was made on the hot juice, a portion of the juice 
overflowing at that moment was collected in a small botile, quickly cooled in 

a water bath, and then used for the corresponding comparative cold teste In 
this manner a considerable number of tests were made and compared at frequent 
intervals. The results of this group of tests, made on several successive days, 
are tabulated and shown in the accompanying table headed "Comparative Tests of 
pE of Thin Juice at 96° and 25° C. 


In the second series the scope of the tests was expanded to take in 
other juices. In this grow of tests the pE at high and low temperatures was 
compared on first and second carbonation juices, thin juice, thick juice, and 
first liquor. Unlike the previous series, in which the tests were nade directly 
at the station, the tests in this group were made entirely in the laboratory. 
Portions of the regular routine test samples brought to the lnboratory were used 
for these special tests. The test portions, in groups of five, were first heat~ 
ed on the hot plate to a uniform temperature of 98° 6. The electrodes, which 

in the meantime, and during the interval between tests, had been brought to and 
kept at the proper working temperature by being suspended in buffer solutions of 
pH 7.0 at 98° C., were immersed into the test solution and the readings of the 
five samples in the group being taken consecutively. The samples were then 
quickly cooled and the corresponding cold pH measurement made. This serics of 
tests, too, was extended over a nunber of days to obtain varying juice conditions 
and several groups of tests were made on each of these dayse the samples thus tested 
probably covered a representative range of average juices produced during that 
period. The results of these tests are given in the second table. 


Before entering into a discussion of the results obtained in these 
tests, we will briefly describe another series of exploratory tests in which we 
attempted to ascertain if - thin juice of a given cold and hot pE would show 
signs of inversion if kept boiling for a measured period of time. For this pur- 
pose we determined pH hot and cold at the commencement of the boiling period and 
again after thirty minutes of continuous boiling on the hot plate. We also de- 
termined the invert sugar at the beginning and at the end of the boiling period. 


The following results were obtained: 


pH at 25° ©. at beginning of boiling period 823 7,8 7.5 205 
pH at 25° OC. at end of boiling period 8.2 7.6 703 6.9 
pH at 98° C. at beginning of boiling period 764 7.0 6.6 604 
pE at 98° C. at end of boiling period 7e3 720 6.4 6.1 
Strong 


Invert sugar before boiling = % on Dry Subst. None None Trace Trace 
Invert suger after boiling - % on Dry Subst. None Trace 0622 0039 


Crude as was the arrangement of those tests, they do show, nevertheless, 
inversion does occur if the of the hot juice is on the ecid side and 
t inversion becomes the greater the lower the pH. Similar results were ob- 
tained in the house. In these laboratory tests, in reality, the pH of the 
bodling just nust have been lower still, because the neasurenents were made at 
98° C., while the juice was boiling at 101.5° to 102° 0, In the first body of 
evaporators, where temperatures as high as 115° C. exist, the actunl pH will be 
still lower and the inversion losses be very likely even highere A systematic 
survey needs to be made on the changes in pH, measured hot and cold, on the 
juices as these enter and leave the various evaporator bodiese Much could be 
learned from such a study if the pH values were plotted agrinst evaporation 
tine in cach body, changes in temperature and concentration as these occur in the 
different bodiese 


We will now briefly discuss the results reported on the two tables. 
A study of the data revenls at once thot a distinct and measurndle difforence 
exists between the pH of the juice at its process temperature and that of the 
seme juice cooled to 25° 6, The pE at the high temperatures is appreciably low- 
er than that of the cold juice. It would be very convenient if this difference 
were a constant, because this would enable us to correct observed readings at 
roon temperature to obtain the pi of the sane juice at actual working tenpera- 
ture. Unfortunately, however, our observations show that such a simple and con- 
venient relation does not exist but that rather, at different tines, as tho 
character of the juice changes, the pZ difference due to temperature also changes. 


In the case of our observations on thin juice, covering 98 tests, we 
founc. that the pEZ as measured at 96° C. was fairly constent, varying only be- 
tweon 72 and 7.45. When the pH of the same juice was neastired at 25° C., more 
and larger fluctuations were shown and the pE varied fron 7.7 as a mininu to 
8.45 as a maximum, or a total sprend of 0.75 pH. 


This spread on the cold pZ, however, only partially reverls the actual 
pE differonces, as in many instances the maximum cold pE was obtained on tests 
in which the pH hot was on the low point. In such cases a difference in pi at 
the two respective temperatures of as much as 1.15 was shown. On the other 
hand, a difference -s low as 0.5 pH was obtained in other tests. The average 
difference of all tests nade on thin juice was 0.9 pH. With extreme variations 
fron O0e5 to 1.5 pK it would hardly be fensible to safely apply the average dif- 
ference as a correction factor to convert observed rendings at room termpera- 
ture to what nay be the true pH at operating temperatures. 


The second series of tests, which was extended to cover other juices 
in addition to thin juice, corroborated the findines in the first seriese Again 
we found that the higher temperature the pH of the juice was lowor than when 
determined after cooling, with the difference varying from as little as 005 to 
as tuch as 1.6 pH. 


COMPARATIVE TESTS OF plf OF TIN JUICE aT 96° AUD aT 25° 
7 Diff- Diff— | | piff- 
| 25° jerence || Time {96° 25° | erence; | Time }96° 25° prence 
October 1, 1939 /11835/7.5 18.15] 285 | |(Date)!October 2, 1939 
10802 1763 {7.9 6 39/704 (8.25 85 9315 | 82 [120 
04 4217.45 085 1717.2 |} 8.2 j1.0 
06 |7.75| .55 4517.45 (8.3 085 20 17%7e2 | 
08 17-8 4717245 .9 23 | 8e3 
10 .6 501724 18.3 9 25 17025 | 8635 | lel 
12 |7.25/728 055 29 |7.25 | 8.35 !1.1 
14 05 «9 | Sed {lel 
16 |7.2 |7.8 26 5917.4 18.25] .85 35 17.2 |8e3 ilel 
22 17.85! .65 |; 12835/7.4 |8.25] 285 38 | 
26 17095] 275 37/724 \8625! 85 40 | 863 
30 {7.25 075 4017.4 4617.2 | 8S {lel 
33 17625} 8el 085 43/724 09 49 17.2 | 825 {1.05 
35 9 45/724 |8.3 9 53 83 {1.05 
38 .85 4717.4 18635] 295 56 17625} 864 11615 
41 {7.3 {8.15} .85 50}704 18635] 295 | |10800 | 7035] 8.45 1.1 
44 |7.25/8.05; .8 531704 9 O5 17635 | 8045 lel 
47 17.9 56| 7.4 183 09 8645 
50 |%e2 255 |8.25|] 85 13 | 845 !1.15 
53 1728 6 0417.4 |8.25] 17 (763 | 8.45 {1.15 
55 1728 6 07} 764 85 20 }7%e3 | Bed 
58 .65 0917.4 18.25] 85 25 7%e3 | 8e4 
11200 |729 11/724 |8.25] 85 
OS 1729 of 13] 704 18.25; 85 (Date) Octoder 3,/ 1939 
05 17-95! 15; 704 |8e25} 285 | |10815 [7.2 160 
08 |7225/8.0 075 18) 764 | 83 9 19 725! 1615 
11 |7.25/8.4 075 764 | 863 22.1763 | 855 | 1605 
13° 1763 | 8el 8 25) 1803 09 25 | 
16 |815| .85 321764 18.35! 95 28 | 7025) {1.15 
18 |7.35/8.15} 34) 7045/8.4 | 95 | 7625! Se4 | 1615 
22 085 39] 7,45] 8.45}; 1.0 35 | 7035 | Set | 1.05 
26 7-35 8.25 43 7245! 8.45 1.0 39 Bet 1.205 
30 18.25} 85 7.45! 8.45 | 1.0 4217.55! 8.4 11.05 
401 7.45'8.45:1.0 4517.35! 84 | 1.05 
Average of above 98 tests Maxinun difference 1615 
pH at 96° 703 Mininun difference 
at 25° 8e2 Avernge difference .9 


Tests made With Becknan Industrinl Model M pH meter glass electrode. 
Specinl high tempe electrode used for tests at 96°. The above tests were nade 


at the evaporator stzction. 
Omard, Calif. 
1939 Camprigcn. 


Comparative Tests of pH at 98° and at 25° 


| First Carb. | Socond Carb. |Thin Juice [Thick Juice First liquor | 
Juice After Juice After Entering Leaving to Pan 
Filters Filters Evaporators /| Evaporators Stornge | 
98°) 25° Pirf- | 930 1 980; 250 | 980/250, Dir: 
rence erence rence | erence renc 
928 10.7 729 1e2 Tee Bel, 9 626! Te of bel 
Octe 28 1967 11005] 08 | Lee | 05 16051702! 
| 1006) 069 | Lee | 7001709! 69 1655) 703! 0S | 605/702! 07! 
| Let | led | 700) 709! 69 1700705, 05 168/703! 05 
Oct. 29 Se 1007 1e3 Te Bel 1.2 Tel 709 6.9 706 ef 606 ef 
905 | | 3.8) | S00! 29 720/709} 09 66817261 
Ge2 11005) 103 | 706) 509! | Teli 07 | 06 
9.0 led | 900) let | 6.9! 3.0} lel | of |Geti7e2 
Octe 30 [107/106 | 369! 165 | 609) 709) 160 | 100 | 703] 08 
Ge2 | let | 706i 105 | 700! S00! 100 16.8) of | 9 
Octe 31 [903 Let | 725/529; led | 609) 709} 100 606! 702] 06 | 
Jot [1009165 | 706/90; let | Tot] 05 | | 08 
Nove L {1007} Led | 707) Le2 | 609} 705} of |605:703; 08 | 
Gell | 707) le2 | 7021500] 08! 08 15051760) 05 
Gee | | Tot Led | See) 069! lel | lel 
Nove (Jeol | 1006) 105 12 | Sol; 163 | 700; | lee 
[1065] 806 lel | 700i ef 05 | 08 
903 | 7-6) 8.7 Lel | 09 169/708] 09 '609j706' 07 
Nove ; 726; 3.3; 1le2 | 609) 76 09 1609} 09 09 
Let | 706) 1e2 | Tol S02) 09 {669/709} 100 | 6091708) 09 
903! | 706; Lo2 | 700} 709, 09 608/705] of 08 
| 
| 
Max.Diff.(22 | 106 1.5 13!) | 162 1.2 
tests 
Bests 19.3 Le 706! 509! 709i 09 603'705! 0S 08 


Tests made with Beckman Industrial Model M pH meter, glass electrode. 
Special high temperature glass electrode used for tests at 95°. 
For high tempe tests the samples were heated on laboratory hot platce 


Oxnard, Calif. 
1939 Campaign. 


| 
| 
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It was noted further that in the higher averaze pH ranges the spread 
between the pE of the hot and the cold juice was greater than in the lower 
rangese Thus, on first carbonation juice with an average pE of 963 determined 
hot and pH 10.7 determined cold, the average difference was 1e4 pHe On second 
carbonation juice the average difference was slightly less, 163 pH. In the lowe 
er pE products, thick juice and first liquor averaged respectfively 6.8 and 6.6 
pH while hot, and 716 and 7.4 pH while cold, the average difference for temer~ 
ature change being 0.8 pH. The tests on thin juice gave an intermediate differ~ 
ence of 069 pE, which, it is interesting to note, substantiated the average dif~ 
ference found in the first series of tests on thin juice alone. 


As noted before in the case of thin juice, the difference in pH between 
hot and cold test on any one product is not a constant. The difference varies 
from hour to hour, and even more so from day to day, as the nature and the char= 
acter of the juice changes. The difference, therefore, can be considered in a 
rough way as an approxinate correction factor to estinate from the cold pH as 
determined in the laboratory what the actual pH may be in the processe 


The fact that the difference in pH between the hot and the cold test on 
any one kind of juice is not a constant factor is explainable on the grounds of 
changes in character of the juice itself. As the beets from different locali- 
ties, and even from different fields in the same locality, change in composition, 
so must the juice also change in character. The amount and the nature of both 
the organic and inorganic constituents are constantly changing. To this we must 
add the widely varying quality of the first carbonation juice as is obtained from 
the Dorr continuous carbonation process, which is a mixture of perfectly carbon~ 
ated, overcarbonated, and raw juice, the proportions of which are constantly 
changing, and even though these juices show what oppears to be the desired pH, 
are, nevertheless, quite widely differing in quality. Since the effect of tem 


perature on the potential difference set un between the electrodes varices with 
different salts, the change in pE due to temperature differences in the juice 

constantly changing in character, must necessarily be a pH fluctuction~causing 
factore 


Those pH fluctuations in the juice as observed at Oxard are not nec- 
essarily wholly applicable to conditions in other houses, especially if those 
be non-Steffens houses using batch (instead of continuous) carbonation, just as 
a certain set of conditions existing in a previous campaign may not necessarily 
be successfully applicable to other campaigns or in other factories. 


This leads us to a consideration of the point as to what real value we 
can attach to the laboratory records of pH measurements at 25° C. when we now 
positively know that the real operating pE at the existing house temperature is 
redically different. 


Undoubtedly, a better understanding of these conditions will lead to 
@ more rational work in the house by helping us to fight adverse conditions more 
intelligently than we have been able to do thus far under the assumption that 
the laboratory determined pH of the cold juice was a dependable criterion. 


It seems that the solution of the problem will be found in the installa~ 
tion at various strategic points in the house of Beckman Glass Electrode con 
tinuous pH Indicators for the immediate guidance of the operators and in the 
laboratory by substituting the presently used colorimetric or the potentionet~ 
ric antimony pE instruments with the Beckman type Glass Electrode pH Instruments. 


The matter of cost of replacing these laboratory instruments should not 
be looked upon as an insuperable item, for it is easy to sce that inaccurate or 
faulty equipment may lead to errors in the manufacturing process which could on 
any one day be far more expensive than the cost of such an instrument. Neither 
can there be an. argument on the ground that if the antimony electrodes have been 
found to give faulty results, that there is no assurance that the same may not 
happen with the glass electrode instruments, for today the industry at large 
knows positively that the glass electrode is the logical first choice becsuse 

of its wide pE range, freedom of scale errors, freedom of poisoning and for the 
easy reproductibtility of its results, and that its pH indications check under all 
working conditions within extremely narrow linits with the pH values as deter~ 
mined with the hydrogen electrode which, after all, is the ultimate standard 
against which the values found by all other pE instruncnts, or methods, are ro= 
ferred to. 


SUMMARY 


Report is made of an investigation undertaken in the Omard factory 
laboratory of the American Crystal Sugar Cormany during campaign 1939 on the 
pH values of various beet sugar factory products if these are measured, as is 
customary, at room tempernture or at the actunlly existing factory temperntures. 


Method of procedure and description of equipment used is givene 


It was found that the actual pH of the juices at, or nosr, the process 
temperatures is very appreciably lower than that of the same juices if neasured 


at 25° 0. 


It was found experinentally at first and later confirmed under factory 
conditions, that when the laboratory pH value secned to be well above pz 7.0, 
that such juices at boiling temperatures nay be well below pH 720 ond may suffer 
serious inversion losses. 


The hope of finding a constant correction factor to be annlied to the 
laboratory -detcerninéd pH values so that a measure de had as to what the actual 
operating pE may be, did not naterialize. 


The results obtained so far throw a heavy shadow of doubt on the ro 
liability of the pH results as presently determined at room temperature as to 
their value of being a dependable guide to the operators. 


The recommendation is made that glass electrode pE indicating instrunents 
be placed into strategic positions in the house and that the laboratory control 
be carried out with similar instruments. 
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LOSS OF NUTRIENTS FROM BEST TOPS 


DURING IN PILES I! THE F 
Demonstration Paper 


Robert J. Brown 
Great Western Sugar Company 
Research Laboratory 


Drying of beet tops has been reconmended to prevent loss of nutrierts 
fron beet tops during storage in the field. The test herein reported was ox 
ecuted to determine the magnitude of the storage loss. 


Beet tops were collected very soon after the beets had becn topped. 
They were inncdiately distributed in piles containing one hundred tops exch, 
each pile rescmbling all others as nearly as possible. Each pile was placed 
on a piece of burlap to permit recovery of 100% of the contents of the pile 
when time for sanpling arrived. Weights or original tops in each pile were 
deternined and the piles were placed in the ficlad. Tho weights of tops in the 
piles averaged 51 pounds each. 


Imiediately after building the piles, two of then wore rolled, quarter- 
ed and the samples were weighed and taken to the laboratory immediately and 
driede Crowns were cut fron the leaves, chopped into small pieces ond dried in 
an ovene The leaves were dried in a rotating drum édricr, through which ao strenan 
of heated air was passed, and were practically comletely dried in three hours. 
The loss of nutrients betwoen the tine the beets were tomped and the tine the 
tops were dried could not have beon appreciable. Crowns and leaves were atalyz— 
ed separately anc the analyses were calculated to original topse 


The composition of each pile was calculated fron the weight of original 
tops placed in the pile and the average analysis, on original tops, of the two 
original samples. That the piles were not perfectly uniform was shown by the 
foct that ash content of the original samples varied by 20%, Protein varicd 7%, 
and crude fiber and nitrogen free extract varied less than lf. The large vare- 
iation in ash was probably the result of varving quantities of soil in the 
leavese 


Periodically a previously untouched pile was weished, rolled, quartered 
and the sample was woighed. After analysis of the sarmle the content of the 
pile in the various components was calculated. 


Most of the effort was directed toward determination of loss in piles 
under clinatic conditions as they existed during the test. Three special tests 
were also carried oute In one, the piles were protected from precipitation by 
covering then with waterproofed duck cloth during threatening weathere In 

another, the piles were sprinkled periodically in an effort to simulate condi~ 
tions existing during a wet séason. The storage tests were carried for nine 
weeks, during which less than 2 inches natural precipitation felle The watored 
piles received approxinately 12 inches during this period. A third test was 
nade to determine roughly the effect of allowing the beet tops to lay, unpiled 
in the field until woll cured, before piling. These tops laid in the field 
five wecks before pilinge They were thon piled and sampled four woeks later. 
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The results are given in condensed form in Fige I. The cormosition of 
the original tops in pounds of the various constituents per ton of tops are 
shown at the extreme left. Tho remainder of the chart shows the percentage of 
components originally present remnining after storage of 1, 2, 4, 6 and 9 weeks. 
In the three special tests only the results on nitrogen froe extract and protein 
after nine weeks storage are shown. Sampling error probably accownts for most of 
the variations shown in nitrogen free extract and protein, thouch there was 
evidently a slow loss in nitrogen free extract. The protein loss was wminportante 
Crude fiber tended to increase, probnbly because of contanination of the samples 
by much unburned coal dust from the factory near which the piles were stored. The 
high ash content after nine weeks storage resulted from excessive dirt accwzuln~ 
tion, blown from the field while the pile was a mass of ice and snow. In the 
special tests the piles protected from precipitation lest more than the standard 
and the watered piles gave the sane results as the standard. Sprinikling the 
piles had negligible effect, because in the dry air the water evaporated very; 
rmidly. What little remained stayed frozen most of the tine. Apparently curing 
in the field before piling retains nost of the nutrients, but mechanical loss of 
the brittle leeves would cause pronounced loss in practice. 


The conclusion is that under conditions nornally existing in this ter 
ritory, loss of nutrients from piled beet tops is not seriouse Possibly if 
piles were made sufficiently large to pernit heating and prevent access of air, 
compositing would occur with attendant large loss in nitrogen free extract. 


1246 


Standard 


v4 


12469 
Standard 


Great Westorn Sugar Co., Res. Lab. 


5 
= 


999 
Special 


i2 69 
Standard 


999 
Special 


ZuTuTemoy sqzucuoduog fo 


Storage-Weecks 12% 69 
Storage-Type Standard 


Composition of 
Original Tops 
Lbs. per Ton. 


| | 
pnig 


— 
| 
| 
| 
COE 
CM MOLLE NILES. 
| | 
| 


-331- 


BUSINESS SESSION 
January 5, 43:00 P.M. 


President NY. R. McCreery, presiding. 
The reports of the Secretary-Treasurer were read. They follow. 


REPORT OF THE SECRETARY 


The membership of the Society has been growing rapidly, the distribu- 
tion deing as follows: 


Arizona 
California 
Colorado 
Dist. of Columbia 
Idaho 
Illinois 
Indiana 
Kansas 
Michigan 
Minnesota 
Montana 
Nebraska 
N. Mexico 
New York 
Ohio 
Oregon 
South Dakota 
Tennessee 
Utah 
Washington 
Wyoming 


Total S. 


Canada 
Argentina 
Belgium 
Denmark 
Italy 


Copies of the 1938 Proceedings were supplied to all of the charter 
members, to four libraries, and in exchange for publications by the following: 
International Sugar Journal, England 
Imperial Bureau of Plant Genetics, England 
International Institute de recherches Betteravieres, Belgium 


International Society of Sugar Cane Technologists 
Canadian Committee on Suger Analysis 


There are on hand at the present time, 20 copies of the 1937 Proceedings 


of the Fort Collins Round Table, at which the genesis of this organization 


Individual Company 
5 
43 3 
55 5 
7 
19 
1 2 
1 1 
1 
26 1 
1 
10 1 
11 
2 
12 
1 
5 | 
2 5 
4 
256 18 
1 
1 
1 
1 


took place, and 68 copies of its first meeting at Salt Lake City in 1938. 


Some of the present membership will be dropped, no doubt, as a result 
of failure to pay the current dues, but it is anticipated that the new members 
will far more than make up for this loss. If each member will take it upon 
himself to encourage those who are eligivle to apply for membership in the 
Society, continued growth will be assured. 

Early in 1939 the Secretary collaborated with the President of the 
Society in a survey of experimental projects in United States and Canada deal~ 
ing with various phases of sugar beet research. A total of 188 projects were 
listed with 100 project leaders, a mimeographed report being prepared showing 
this information in detail. This survey proved to be both enlightening and 
valuable in preparing for this Denver meeting, and it is recommended that this 
be revised early in the next biennium. 

During the past biennium questions as to various points were raised by 
members. The Secretary may have delayed answer, dodged the issue, or exceeded 
his authority in such casese It is my sincere hope that whenever this has 
occurred, you were patient and lenient and thet as the Society establishes 
precedent or volicies, the correct answers to such questions may be expedited. 

Respectfully submitted, 
(signed) E, 3, Browbaker 


Secretary 


REPORT OF THE TREASURZR 


Since a report on the status of the treasury was not made at the First 
General session of this Society at Salt Lake City in 1938, I wish to submit here- 
with one report of the Treasurer for the year January 1 to December 31, 1937, 
and a separate report for the biennium Janvary 1, 1938 to December 31, 193°. 


Receipts 1937 (Janel to Dec. 31) 


Balance from banquet (Ft.Collins Round $20 025 
Dues from individuals (81) ......... 81.00 
Contributed oy Sugar Companies... - 120.00 


Total receipts $221 25 


Disbursements 1937 (Jan. 1 to Dec. 31) 


Entertainment for banquet (Ft. Collins) 

Mimeo. and mailinz 12& copies Annual Revort 
Stationery and postage during year ---. 
Expenses in preparation for 1938 meeting at S.L. City. 


Total disbursements 
Balance on hand 
(Jen.1,1938) 


Total incone 


Receipts 1978-39 (Jan. 1, 1933 to Dece 31, 1939) 


Dues from individuels (7 at $1.00 for 1937) . 
" " (35 at 50¢, Eastern region 1938) 
n n " (278 at $1.50, 1936) 
" (1 at $2.00, 1938) 
Company memberships and contributions 
1 copy regional report 


Total receipts 
Balance on hand 


Total income 


Disbursements 193%~39 (Janel, 1938 to Dece31, 1939) 


Programs and other expenses for Salt Lake City meeting $ 70.69 
Expenses of invited guests and editor... 
Postage... 
Supplies, telegrams, and telephone 
Reports of Salt Lake City including 

mailing (350 copies)... -- 229 
Expenditures connected wita 1939 regional nesting at 

Fort Collins... ... 046 
Mimeographing report of 1939 ogi onal nooting et Ft.Collins 37 04 
Printing for 1940 meeting . —— 


Total disbursements $630 »30 


$ 7.1u 
64.90 
27 039 
__ 4.79 
$194,22 
$221 225 
$ 7200 
17-50 
417.00 
2200 
392.00 
250 
117.0 
$957 203 


Total income... . $953.03 
Total disbursements .-. 630-30 


Bal. in checking acct.1/1/40 .. $322.73 


It will be noted from the foregoing report that the Eastern Region 
collected and transmitted to the General Secretary-Treasurer $17.50 as a 
balance from the 1939 regional meeting. For the Eastern Slope and Intermountain 
region, the total receipts for the 193° mecting amounted to $118.50 for 79 
memberships at $1.50 each with expenditures of $67.50, leaving a balance of 
$51.00 which accrued to the General Treasury. 


Respectfully submitted, 
(signed) EH. E. Brewbaker 


Treasurer 


RECORD OF THS MINUTZSS OF THE 


The proposed changes in the Constitution and By-Lews which had been 
sent to all members in advance of the meeting were discussed, both the old and 


the changed versions being read. 


Scott moved the changed form of Article VI be amended to include one 
member for Eastern and one for Western Canada. Passed. 


Skuderna moved changed form of Article VII be amended to »rovide a 
comnittee of 5 members instead of 3. Palmer moved that this be further amended 
to provide for 2 nominations for only the officers. This was ruled in order 


by the President. Passed. 


Carsner offered an amendment to the changed fom of Article VII to make 
the Secretary-Treasurer's office a permanent one, and thet the nominating com 
mittee be required to present only one name for this office. Passed. 


Brown moved changed form of Article X be amended to add “upon approval 
of the Executive Comnittee" to the provision for holding Regional meetings 
under the auspices of the Society. Passed. 


Coke moved By-law 1, sentence 2, be changed to read "rocommended" 
instead of "determined." Passed. 


Schmitt moved adoption of general changes in the Constitution and 
By-Laws as amended. Passed. 


The nominatin: committee, consisting of E. Carsner, Pe. He McMaster and 
Roy H. Cottrell presented nominations in accordance with new provisions of the 
Constitution. No new nominations were made from the floor. The officers and 


Advisory Council were elected as follows: 


= 


Officers: 
President Coke 
Vice President... -- Brown 
Secretery-Treasurer .... Brewbaker 


Advisory Council: 


West Coast Lavis 
Moroney 


Elcock 


Eastern Slope Cormany 
Roach 
Skuderna 


Buschien 


Eastern Canada~ » Henry Stokes 
Western Canada . .... Ae E. Palmer 


W W Robbdins 


Resolutions proposed by the resolutions committee were adopted as 
follows: 


The American Society of Sugar Beet Technologists assembled at Denver, 
Colorado, on the Uth, 5th and 6th day of January, 1940, at its Second General 
Meeting does hereby resolve: 


(1) That the Society expresses to the Great Western Sugar Company and 
the American Crystal Sugar Company their appreciation for the 
genuine hospitality which has been extended to each of the members 
in attendance. 


That Dr. E. K. Hayes, Dr. D. R. Hoagland and Professor H. C. Rather 
contributed greatly to the success of this meeting by their willing 
counsel and their excellent surveys of the field agricultural =. 
research in which each is so well knowne 

That the assistance given by the Denver Tourist Bureau is greatly 
aprreciated. 


That the interest manifested by Eon. Ralph Carr, Governor of 
Colorado, and Mayor Benjamin F. Stapleton of the city of Denver, in 
the sugar beet industry an¢ this organization is highly valued 

by the members. 


That a research coordinating comaittee of three be appointed by 
the chairman to (1) study and analyze the sugar beet exporimental 
projects of sugar companies, experiment stations, the U.S.D.A., 


Eastern Us Se -~ R. Bach 
J. 
(2) 
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and Dominion of Canada (2) to study the major production problems 
of the sugar bect industry and (3) to from time to time make 


progress roportse 


(6) That the Society accept the invitation of the Utah-Idsho and 
Analgamated Sugar Companies to hold the 1942 General Meeting at 


Salt Like City. 


J. BE. Cove, Chairman of the Committee 
C. E. Cormany 

F. V. Owen 

D. Brown 

?. H, Ferril 


A report of the Committee on Standardization of experimental methods 
was presented by the chairman, Ce. W. Doxtator, as follows: 


REPORT OF COMMITTEE ON STANDARDIZATION OF IMENTAL 
METHODS 1/ 


The Standardization Committee presents the following recommendstions as 
an acceptable basis for field plot tests, including exmeriments with varieties, 
fertilizers, and cultural practices, These recommendations are to de con~ 
strued as general and not as mandatory for all kinds of conditions, it being 
fully recognized that sufficient control for one field might be quite insuffi- 


cient for another. 


Field experiments have been classified for this purpose into three groups: 
le Demonstrational - investigational tests. 
2. Experimental tests with less than 25 varieties or treatments. 
3. Experimental tests with 25 or more varieties or treatmentse 


Group 1 Demonstrational—investigational tests 


With strip tests comparing two varieties or treatments paired strips 
should be 4 or more rows in width. Earvest entire strip, or if this is im 
practical, paired samples may be taken. If the latter method is used, pairs 
of samples, each sample not less than 2 rows by 30 ft. in length, are to be 
harvested for yield. The entire sample, or 20 roots taken at random from 
the sample, is to be used for the determination of percent sucrose and purity. 


Paired samples should be taken as close together as possible allowing for 
border rows between the paired plots. Zach pair of samples should be separated 
by approximately 100 fect in the row, Strips should preferably be replicated. 


Group 2 Experimental tests with less than 25 varieties 


For variety tests in which the total number of varieties does not exceed 
24 the randomized block method is recomiended. Plots should be 4 to 8 rows wide 
and 60 to 100 feet long, replicated a minimum of 6 times. Yor more critical 
experiments, the number of replications could be increased to ten. Latin 
Square arrangements are acceptable. 


i/Includes revisions by the Standardization Committee of 1939-40 which were 
approved by the Association at the General Mecting, January 5-7, 1940. 
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Two samples of not less than 15 to 20 beets per plot are recommended for 
sucrose and purity determinations. Each sample should be taken at random 
from the entire plot, preferably, previous to piling. 


Group 3 Experimental tests with 25 or more varieties 


In variety tests where the total number of varieties or breeding strains 
exceeds 24, the two dimensional qusi-factorial design with three groups of 
sets is recommended. The incomplete block design is also recommended for tests 
involving 25 or more varieties. Since these tests will be used largely on now 
strains in the breeding experiments smaller plots than recommended under No, 2 
will often be necessary. 


It is recommended that the following reference be used by workers in 
this field: Goulden, C. E. STATISTICAL METHODS. John Wiley and Son, New York, 


300 pages, 1939. 
Methods of Harvesting 


In demonstrational~investigational tests (1) harvest of all beets in the 
plot disregarding the competition factor is recommended. In experimental tests 
(methods 2 and 3) it is recommended that stand counts and yield of the entire 
plot or sampled area be taken. It may be advisable in certain cases to take 
competitive beet yields also. 


Methods of Recording Data 


See type example: 


Type Example 
VARIETY TEST - UTAH - 1937 


TONS Pan ACRE Beets per 
Available Percent 100! Row 
Sugar Beets Sucrose Purity at Harvest 


30316 24.05 15-97 86.40 132 
36175 22 47 16.55 87 205 134 
3151 23.12 15.69 86.29 133 
3121 22 54 16.12 132 
32119 22.34 15.97 87 us 130 
3.041 20 256 1685 88 133 
20989 21.92 16.16 86.01 131 
22822 21.216 15.64 85.57 134 
Mean 3.092 22.28 16.12 $6.79 
S.5. of MaAN 0.078 0.56 0613 049 
Sig.Diff.(1931) 2222 1.58 0.50 1.39 
(Odds 19:1 = 2 x S.E. of Mean Diff. (Leave space blank if F. value not 
signifi cant) 
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VARIANCS TABLE 


SQUARES 


Variation Degrees of Available Tons Percent 

Due to Freedom Sugar Beets Sucrose Purity 

Between Blocks 7 1.655 9.727 1.355 7 «866 

Between Varieties 7 0.119 583 1.638 6 

Remainder (Error) ug 0.049 22490 0.249 1.945 
Total 63 

Celculated F Value -------------- 2.43% 3045** 6.55% 3031** 


* Exceeds the 5% point of significance (F = 2.21) 
**Exceeds the 1% point of significance (F = 3.03) 
Plots: 4 rows 125 feet in length 

Arrangement: Randomized blocks with 8 replicated plots of each variety 
Planted April 20; Harvested October 2l!, 


Respectfully submitted, 


COMMITTSE Ol STANDARDIZATION OF EXPERILENTAL METHODS 


C. W. Doxtator, Chairman H. Leonard 
H. E. Brewbaker Bion Tolman 


Cc. Cormany 


Business session adjourned. 


E. E. Brewbaker 
Secretary—Treasurer 
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CONSTITUTION AND BY-LAWS OF THE 
AMERICAN SOCIETY OF SUGAR BEET TECENCLOGISTS 
AS REVISED AT THE SECOND GENERAL MEETING 


Name 
ARTICLE I 


The name of this organization shall be the AMERICAN SOCIETY OF SUGAR 
BEET TSCHNOLOGISTSe 


Object 
ARTICLE II 


The object of this Society shall be to foster all phases of sugar beet 
and beet sugar research, and to act as a clearing house for the exchange of 
ideas resulting from such work. 


Membership 
ARTICLE III 


Section 1. There shall be two classes of nerbership, namely "Active" 
and "Associate." 


"Active" membership shall consist of those individuals or organizations 
which are on the Secretary's list as such and who have paid their biennial dues. 


"Associate" membership shall consist of those who register at general or 
"regional" meetings of the Society but who do not pay the biennial dues, and 
such libraries, journals, etc.e, with whom the Executive Committee decides to 
provide reports or exchange publications. 


Section 2. Active membership shall be limited to charter members of 
the Society in good standing and to those who have been recommended in writing 
by two active members, passed by the Executive Committee, and who have paid 
the current biennial dues to the Society. 


Section 3. Any member may be deprived of membership for non-payment 
of dues or for other reasons by vote of the Executive Committee of this Society. 


Sections 
ARTICLE IV 


Section le In order to provide opportunity for the consideration of 
specialized subjects in all branches of sugar beet research, Sections shall be 
organized as needed. 


Section 2. The division of subject matter among the sections shall be 
as follows: 


(a) General agronomy including soils, fertilizers, field production 
and by-products. 

(bd) Genetics, breeding, seed and varietics. 

(c) Plant diseases and insect pests. 

(a) Sugar beet machinery. 

(e) Chemistry. 
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Officers of the Society 


ARTICLE V 


The officers of the Society shall be a President, Vice President, and 
Secretary, who shall act as Treasurer. These officers, together with the 
immediate past president, shall constitute the Executive Committee. 


ARTICLE VI 


The Advisory Council shall consist of the following representatives: 
West Coast 2, Intermountain area 2, Eastern Slope 3, Eastern U.S. 2, Zastern 
Canada 1, Western Canada 1, and At Large 2. 


Election of Officers and Advisory Council of the Society 


ARTICLE VII 


The President shall appoint a Nominating Comuittee of five members in 
advance of the regular meeting. This Committee shall nominate two candidates 
for each of the officers of the Society, except the Secretary~Treasurer, which 
shall be considered permanent, and for which only one candidate may be named, 
Nominations for the Advisory Council shall be made by the Nominating Committee 
in counsel with the Society members assembled from each areca; the nominations 
for members at large to be made by the Nominating Committee, Further nominations 
may be made from the floor. 


Duties of Officers of the Society 


ARTICLE VIII 


Section 1. The President shall be the Executive Officer of the Society. 
He shall preside over the meetings of the Society and its Executive Committee. 

Ee shall with the advice of the other members of the Executive Committee, 
appoint the General Program Chairman. 

He shall continue to serve on the Executive Committee for the Society for 
two years following his retirgement from the Presidency. 


Section 2. The Secretary~Treasure shall keep the records of the Society. 
He shall attend to the collection of dues and accounts and payment of bills and 
obligations. 

Ee shall collect the manuscripts on the general program and transmit 
them to the editor (when elected) for publication. 


Section 3. The Executive Committee in consultation with the Advisory 
Council shall formulate the policies of the Society as a whole, subject to 
the approval of the Society. 

The Executive Committee shall coordinate the activities of the different 
sections. 

The Executive Committee shall act upon all matters within the juris- 
diction of the Society which arise between mectings of the Society. 


Program Chairmen and their Duties 


ARTICLE IX 


The General Program Chairman shall with the advice of the Executive 
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Committee appoint a chairman for each of the sections. 


Each Sectional Chairman shal! develop and submit to the General Program 
Chairman a tentative program for his Section end shall be responsible for con- 
ducting the sectional meetings at the general mectings of the society. 


Time and Place of Meetings 


ARTICLE X 


General meetings of the Society shall be held biennially. The place 
of the meeting shall be determined at the previous general meeting of the 
Society, and due notice given to the members, 


Regional meetings may be held under the auspices of the Society upon 
approval of the Executive Committee, 


By-Laws 


1. DUES - Biennial dues for membership in the Society shall be $2.50 
for individuals. The membership dues for companies shall be recommended by the 
Executive Committee and Advisory Council at each general meeting of the Society 
in relation to the needs of the organization. Members paying the individual or 
company fee shall be entitled to receive all of the official communications of 
the Society and to participate in all its activities. 

A registration fee of $1.00 shell be charged those attending any 
general meeting of the Society who are not members. This fee will carry 
Associate membership and may be applied as part payment on the regular fee if 
application for membership is made out at time of registration. 


2e PUBLICATIONS - All papers listed in the program of any general meet- 
ing, or suitable abstracts thereof, shall, on recommendation of the General 
Program Ohairman and with the approval of the Executive Committee, be published 
in the Proceediggs of the Society. All papers not approved by the General 
Program Chairman shall be reviewed and passed upon by the Executive Committee, 

Reports of Regional meetings shall not be considered official 
publications of the Society. Active or associate members shall have the 
privilege of purchasing Regional proceedings by request of the Secretary of 
the Society previous to printing the Proceedings. 


3, COMMITTEES - The Society and Sections shall appoint such standing 
and special committees as seem desirable for carrying on the work of the 
Society or Section, 


4, QUORUM - A quorum for the general meeting shall consist of 10 per 
cent of the active members. 


5. AMENDMENTS - These By-Laws may’ be amended at any general meeting by 
two-thirds vote of the members present. 


| 
Ay 
4 


